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I. INTRODUCTION 
The biological significance of red blood cell antigens of 
animals is not yet well understood. Studies on various species 
indicate that blood group alleles differ in selective advan­
tage. That is, certain blood groups or blood group combina­
tions may not be purely neutral in adaptive value, but may be 
associated with an overall superiority in fitness. 
The genetic mechanism of adaptive value of a gene is un­
known. Possibly some fundamental physiological process has 
been altered or redirected. Different genetic combinations 
may not produce the same physiological effects. An important 
problem yet unresolved is, then, to determine whether genes 
controlling red cell antigens have a deeper significance than 
is presently attributed to them. If these genes are not 
selectively neutral, then a continued search for associations 
between such antigens and fitness traits would seem justified. 
Associations between blood groups and other characters 
may result from at least four phenomena. These are genetic 
linkage, pleiotropy, heterosis, and incompatability between 
dam and offspring. Perh%)s all of these apply to poultry. 
The gene action in the case of blood group pleiotropic effects 
may take the form of additivity, dominance, or overdominance. 
The selective value of B blood group genes in chickens 
has been studied by several workers. The antigens in the B 
system stimulate antibody production more readily than those 
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of the other systems. The B system is also highly polymorphic; 
more alleles have been found than for any other system. This 
study was undertaken to determine the relationship of B anti­
gens, and therefore B alleles, to certain production characters 
in poultry. 
The data reported are from a breeding plan designed to 
compare different blood group genotypes of two lines of White 
Leghorn chickens, each possessing four B alleles. The experi­
ment was designed to yield information on the following ques­
tions : 
1. Are differences in performance associated with B 
locus blood group genotypes? 
2. Do heterozygous B locus blood group genotypes show 
higher performance than homozygous genotypes? 
3. What is the dominance effect on performance of a B . 
locus blood group gene substitution? 
4. Do B locus blood group genes identical by descent 
have the same effect in different populations? 
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II. REVIEW OF LITERATURE 
Landsteiner and Miller (1924) demonstrated individual 
differences in the blood group antigens normally present on 
chicken erythrocytes. Using absorbed serum from a rabbit 
immunized with Plymouth Rock red cells, they detected marked 
differences between the erythrocyte antigens of various 
chickens. On this basis, they hypothesized that a great 
number of different genetic types were probable. 
Todd (1930, 1931) succeeded in demonstrating the almost 
complete individuality of chicken blood with heterogeneous 
antibodies produced by isoimmunization. When pooled serum 
from eleven chickens, which had been immunized with erythro­
cytes of sixteen other chickens, was tested against blood 
.from more than one-hundred birds, all samples were agglutinated. 
Upon absorption with the cell's of any one bird, the agglutina­
ting power of the serum for those cells was lost but little or 
no diminution in titer for other cells was observed. Todd 
stated that these differences were hereditary and noted that 
if a cellular antigen was present in the cells of any one bird, 
one or the other of it's parents must possess that antigen. 
Using normal sera from oxen, Landsteiner and Levine (1932) 
clearly differentiated chicken red cells while the variation 
observed in guinea-fowl and turkeys was much less pronounced. 
That these differences in chicken blood were controlled by a 
single pair of genes was suggested by Olson (1943). 
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Kozelka (1933), utilizing rabbit anti-chicken sera, found 
marked similarities between the red cells of chickens belonging 
to different breeds. In explaining the antigenic differences 
reported by Todd, he concluded that these could be explained 
by a few distinct antigenic factors. Wiener (1934) also anal­
yzed Todd's work and reported that the serological individual­
ity observed was probably determined by a few sharply defined 
antigens. He further hypothesized that the polyvalent sera 
used by Todd contained not more than fifteen specific agglu­
tinins, the individuality observed being due to the large 
number of combinations possible with this number of factors.. 
Thomsen (1934, 1936) suggested that red cell antigens 
may be controlled by recessive genes or by complementary ef­
fects of different loci. After exhaustively absorbing a mixed 
serum with red cells from the parents and then testing the off­
spring, he found two birds which reacted with this serum. IN 
all other cases he obtained negative reactions. Similar re­
sults were reported by Boyd and Alley (1940) using hens im­
munized reciprocally. The resulting sera were tested against 
red cells from other birds. All samples were agglutinated, 
indicating the presence of at least several antigenic factors. 
Each of these sera was then repeatedly absorbed and tested 
against the other cells until no more agglutinins could be re­
moved from the sera. Such a system of absorption should have 
led to the formation of single, specific agglutinins. Large 
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numbers of tests were conducted with five sera absorbed in 
this manner. The results demonstrated the hereditary nature 
of individual blood differences, and that a character could 
not appear in the offspring unless it was present in one of 
the parents. However, three exceptions were found where the 
offspring reacted with one or more of the sera testing negative 
with cells of both parents. Irwin (1952) dismissed these ex­
ceptions • as errors in serological technique. 
Heterozygosity at two antigen determining loci involving 
the A and B systems in two inbred lines of Leghorns has been 
reported (Briles and McGibbon, 1948). Also, heterozygosity 
at two or more loci controlling blood group antigens has been 
reported in three inbred lines of White Leghorns (Briles, 1949). 
This suggests a possible selective advantage of the hetero-
zygotes. Briles et al. (1950b) reported that the antigens 
belonged to two independent autosomal series of multiple 
alleles, while Briles et (1950a) reported a third locus, 
now designated C, controlling blood group antigens in each of 
four lines. At least three alleles were segregating at each 
of the three loci. A fourth locus, D, controlling two alleles, 
was reported by Briles (1951) . 
Briles (1953) studied the effect of B locus genotypes on 
hatchability. Each of three inbred lines under study was main­
tained with two males each. One of the two males of each line 
was a B locus heterozygote, the other a homozygote. The per­
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cent hatchability of eggs from dams mated to the heterozygous 
sires was 66.7 compared to 48.5% for the eggs fertilized by 
the homozygotes. 
The adaptive value for the three blood group loci. A, 
B, and D/ was studied by Shultz and Briles (1953) on data 
from twelve inbred lines and one non-inbred high egg pro­
duction line. Artificial selection seemed to favor hetero­
zygous individuals at the A locus in the high egg production 
line. Errors of classification at the B locus reduced the 
significance of the seemingly strong selective advantage of 
B heterozygotes while no evidence for a selective advantage 
at the D locus could be demonstrated. 
Briles et al. (1953) reported that B locus heterozygous 
cockerels attained significantly heavier nine week body weights 
than did B locus homozygotes in two of three inbred lines 
studied. The difference in females, although not statistically 
significant, was also in favor of the heterozygotes. B locus 
heterozygosity led to a 7-10% increase in body weights in two 
lines but not in the third. The B genotypic effects seemed to 
depend upon the genetic backgrounds in the lines. 
Briles.(1954) postulated that the B locus strongly in­
fluences some fundamental physiologic process. Individuals 
blood typed with B reagents were classified either as homo­
zygotes or heterozygotes. The probability of an egg hatching 
from a heterozygous dam was 1.7 times greater than from a 
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homozygous dam. Heterozygous chicks were 5-10% heavier at 
nine weeks than were the homozygotes in two of the three lines 
studied while average egg production also favored the hetero-
zygotes. Their rate of lay was 9-30% greater than the homo­
zygotes. Briles concluded that the B alleles exhibited 
overdominance. 
In a highly inbred line of White Leghorns maintained by 
brother-sister matings for fifteen successive generations, 
Gilmour (1954) observed continuing segregation at three in­
dependent blood group loci. The larger families surviving 
to maturity came from heterozygous dams and more heterozygous 
individuals survived than expected by Mendelian segregation. 
These results indicate a selective advantage of heterozygotes. 
Briles and Krueger (1955) analyzed hatchability and 
livability data by sire and dam B blood types from three in­
bred lines. Matings were grouped into two classes: one of 
homozygous mates, producing only homozygous chicks, and the 
other composed of heterozygote x homozygote and heterozygote 
X heterozygote matings, producing half heterozygous and half 
homozygous chicks. The per-cent hatch of fertiles for the homo­
zygotes of all three lines was 48.6, 57.4, and 54.5 for the 
three years reported. This compared with the hatchability of 
heterozygotes for these years of 69.2, 67.8, and 69.6. Dif­
ferences were highly significant. Although differences in 
chick livability to nine weeks of age were not statistically 
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significant, livability from those matings expected to produce 
one-half heterozygptes was from 8-15% greater. 
Briles (1956a) suggested that genetic homeostasis may 
explain the relation between B locus genes and livability: 
one homozygous class would be favored early in the life cycle 
while another homozygote would be favored following the onset 
of sexual maturity. In one population, gene action for body 
weight of cockerels seemed to be additive while in the fe­
males, overdominant gene action was indicated. 
A comparison of the progeny performance of males homo­
zygous or heterozygous at the B locus mated with non-inbred 
females was reported by Krueger et a2. (1956). Progeny from 
the heterozygous males had 2% better livability during the 
rearing period and 5% greater egg production, indicating a 
favorable effect of B heterozygosity of parents on performance, 
Egg production of B heterozygotes from two inbred lines con­
sistently exceeded that of either homozygote (Briles, 1955b). 
On the basis of survivors only, egg production of the hetero­
zygotes was 4.5% higher than the homozygotes in one line and 
5.9% higher in another line. No consistent effect of B geno­
types on sexual maturity could be detected. 
C. Briles (1956) found no significant effect of two A 
locus alleles or four of five B alleles on six week body 
weights of New Hampshire chicks. However, males with the B 
system antigen, had significantly lighter body weights 
9 
than those without this antigen. Since this difference could 
not be demonstrated in the females, the observed effect of the 
antigen may be fortuitous. 
Briles et al. (1957) tested red cells from birds of 73 
closed populations with specific B locus reagents and found 
two or more alleles still segregating in all but two of these 
populations. Inbreeding in these lines ranged from 0-86%. 
Inbreeding reduced to two the number of alleles still segre­
gating in all lines having inbreeding coefficients higher than 
65%. They proposed that the B blood group system of chickens 
constitutes a case of genetic polymorphism, and that heterozy­
gosity at the B locus favored reproductive fitness. 
The effect of the B locus on body weight of crosses of 
inbred lines was reported by Briles (1957) . B heterozygous 
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sires (B /B ) of one line mated to homozygous dams (B /B ) of 
another line produced progeny from which 10 week weights were 
recorded. Separate aimlyses on cockerels and pullets showed 
2.8% and 4.8% heavier weights for the heterozygotes in each 
of these classes respectively. 
After 14 successive generations of brother-sister matings, 
Gilmour (1958) found six blood group loci still segregating 
in the Reaseheath line. Four loci belonged to the known 
systems, A, B, C, and D while two belonged to new systems, L 
and N, not previously reported. A variable selective ad­
vantage of heterozygotes was suggested for the A, B, C, and 
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L loci in reproductive ability. The L locus seemed to be the 
most important in this respect. Heterozygotes were favored 
for male fertilization rate, female egg production, and progeny 
viability. Gilmour (1959) discovered a seventh locus segre­
gating in this line: the vaccinia virus agglutinability locus. 
He reported nine B alleles segregating in the Reaseheath line 
and thought that these behaved as partial dominants as indi­
cated by a dosage effect. 
Two excellent reviews of the blood typing work in chickens 
were reported by Gilmour (1960) and Briles (1960). These 
authors summarized the evidence previously reported concern­
ing the association of blood groups with various economic 
traits including survival, egg production, fertility, and 
hatchability. Because of the relationship of blood types with 
these survival traits, they suggested the possibility of util­
izing blood typing in commercial poultry breeding. 
The effects of B locus genotypes on livability and egg 
production in seven inbred lines was reported by Briles and 
Allen (1961). In one of these lines, three B alleles were 
segregating while in six, only two B alleles were segregating. 
Results from the nine full-sib sets of heterozygous-homozygous 
groups were compared. Significant effects of the B geno­
type on juvenile livability were reported in two lines and on 
adult livability in two lines. Three lines showed inconsistent 
effects of the B genotype on rates of egg production. One 
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homozygote was considerably inferior to the heterozygotes and 
to the other homozygote. A reversal in performance of the two 
homozygotes in some lines suggested that one homozygote was 
favored at one stage in the life cycle while another was 
favored later. 
Okada and Matsumoto (1962) studied the relative fitness 
of B locus genotypes in two inbred lines and their crosses. 
These lines, maintained by reciprocal recurrent selection, each 
had five B alleles. They calculated the expected gene fre­
quencies and genotypic frequencies for each generation but ob­
served no obvious change. However, the heterozygous genotypes 
seemed to have a selective advantage because their frequencies 
exceeded expectation. After selecting the breeders, the 
heterozygote frequencies in the next generation again increased 
indicating a selective advantage of the'B heterozygotes for 
both natural and artificial selection. 
Gilmour (1962) reviewed the status of blood groups in 
chickens and noted that the selective effects of blood groups 
must be due to heterozygote advantage. Perhaps natural or 
artificial selection with inbreeding had already acted to 
select out those alleles showing greatest superiority. This 
appeared to be the evidence in several of the cases cited 
previously. 
The discovery of at least five additional systems by 
Briles (1962) brought to at least ten the number of blood 
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group loci reported in chickens. With the exception of the 
A-E system, Briles (19 58a) , and possibly also the D and H 
systems, all loci seem to segregate independently. 
Allen (19 62) studied the influence of B genotypes of 
female parents on progeny performance. A statistically 
significant effect of two B locus genes on fertility and 
hatchability was found but all other alleles seemed to in­
fluence these traits very little. No effect of the B locus 
genes on juvenile livability was found. Those crosses re­
ceiving one of the genes affecting fertility or hatch-
ability were significantly better in adult survival than 
those crosses receiving the other gene. The B alleles had 
no influence on egg production or egg weight in this study. 
Briles (1964) reported at least eleven, and possibly 
fourteen blood group loci in chickens. He stated that, 
since most of these are polymorphic, they provide useful 
genetic markers for many types of studies. 
Nor3skog (1964) , in discussing the adaptive value of 
B locus alleles, concluded that some B alleles seem to have 
certain selective advantages peculiar to different genotypes 
during their life span. He believed this rather consistent 
finding may be the result of linkages between blood group 
genes and fitness genes. If this is the case, studies on 
data from inbred lines would not be a reliable guide to deter 
mining the effects on fitness of blood group genes. A better 
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appraisal of fitness effects of blood group genes might be 
obtained from populations synthesized from well-typed inbred 
lines. If, then-, such populations were random bred for traits 
other than blood groups and if sufficient numbers of birds 
were maintained each generation, the evidence obtained on 
adaptive value of blood group genes might have greater general­
ity. 
DeSilva (1965) reported an effect of red cell antigen 
locus L on fertility using artificial insemination. In gen­
eral, matings between homozygous mates were less fertile than 
matings where one or both mates were heterozygous at this 
locus. He suggested the genotype at this locus might be a 
useful selection aid for increased fertility. 
Morton et (1965) reported a significant effect of 
blood group locus B on hatchability in a relatively non-
inbred strain of Light Sussex. The effects on mortality during 
incubation appeared to be determined more by the genotype of 
zygote rather than by the genotype of dam. The general effect 
upon embryonic mortality seemed to be overdominant gene 
action. 
The association between production characters and six B 
alleles was studied in two strains and their cross progeny 
by Okada et al. (19 66). They found only five of eighty-two 
differences in production characters among segregation classes 
of B heterozygous sires were statistically significant with 
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one allele (B^) increasing egg production. 
Hansen et (1967) reported a difference in suscepti­
bility of chickens to Marek's Disease (Avian Leukosis Com­
plex) dependent upon two B locus alleles. Of 854 chicks 
challenged with single injections of macerated tissue from 
19 infected birds, those heterozygotes with allele B had 
13.0% higher mortality to 8-12 weeks from Marek's Disease than 
21 those containing B . These two alleles came from homozygous 
or heterozygous males each mated to similar groups of females. 
In field tests, growing mortality to 22 weeks again indicated 
the B^^ heterozygotes were more susceptible to this disease. 
19 Of nearly 4000 birds in the test, 7.8% of the B heterozy­
gotes succumbed to Marek's Disease while only 4.1% of the 
21 deaths of the B heterozygotes was attributed to this dis­
ease. 
In addition to the reports previously cited, there are 
numerous publications dealing with the influence of blood 
groups on economic characters in larger animals. In cattle, 
non-significant correlations of production characters with 
blood groups have been reported by Dunlop (19 51), McClure 
(1952), and Laben and Stormont (1958) , Nair et al. (1955) 
found no consistent relationship between type defects and 
blood groups in dairy cattle. More extensive studies by 
Rendel (1959, 1961) and Neimann-Sorensen and Robertson (1961) 
have detected significant associations between some blood 
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group genes and fat percentage of the milk in different breeds 
of cattle. Stansfield et (1964) failed to show signifi­
cant associations between seven blood group loci and production 
characters in sheep. 
Stone and Irwin (19 63) reviewed blood group work in 
animals other than man. They concluded that a continued search 
for the associations between blood groups and other charac­
ters should aid in our understanding of gene action and the 
antigens they control. 
16 
III. MATERIALS AND METHODS 
A. Basic Blood Group Terminology 
The extreme serological complexity of the B blood group 
system of chickens has led to a simplified system of nomen­
clature (Briles, 1958b). Although extensive cross-reactions 
are characteristic of the B system, these antigens show a 1:1 
relationship with their causative genes. When a sufficient 
panel of blood typing reagents is used to type different popu­
lations, the complex cross reactivities observed due to B 
system antigens take on specific agglutination patterns re­
flecting allelic differences. The B system, distinguished 
from the other systems (A, C, D, etc.) includes alleles 
12 3 designated B , B , B , etc. and the corresponding antigens 
controlled by them are designated B^, B^, B^, etc. 
A particular reagent, irrespective of the number of 
specificities it contains, is denoted Bl, B2, B3, etc. de­
pending on its reactivity with a particular B antigen. 
For simplicity, in this study an individual genotype such 
as B^/B^ will be shortened to 1-2, B^/B^^ to 2-19, B^/B^^ to 
1-21, etc. This should cause no confusion since we will be 
concerned only with the B system. 
The terms homozygote and heterozygote, pertaining to this 
study are relevant to genotypes of the B system only. 
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B. Synthesis of Genetic Stocks 
The observed adaptive value of a B locus blood group 
gene may be a consequence of linkage with fitness genes and 
not because the blood group gene itself has fitness value. 
To test this hypothesis requires the assumption that the fit­
ness genes are randomly distributed on the chromosomes in­
dependently of the genes controlling blood group specifi­
cities. Synthetic non-selected lines originating from inbred 
line crosses would be useful for such a study. 
Hatching eggs from crosses of three blood-typed White 
Leghorn inbred lines were obtained from a commercial firm.^ 
Each line segregated for two B alleles. From a^ cross between 
heterozygotes of lines 1 and 2, a synthetic line (SI) was 
12 19 produced segregating for four B locus alleles B , B , B , 
21 
and B while the cross between heterozygotes of lines 2 and 
3 produced line S2 segregating for B^^, B^^, B^^, and B^^ 
(Figure 1). Alleles B^^ and B^^ are common to both lines. 
An interesting question amenable to experimental verification 
is whether these two alleles behave similarly in the two 
genetic backgrounds of lines SI and S2. - Also advance infor­
mation indicated that the 1-1 homozygote in line SI had low 
viability; this was considered an important point for verifi­
cation in this study. 
^Hy-Line Poultry Farms, Johnston, Iowa. 
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Inbred line 1 
1 2 
segregating for B , B 
Line SI 
(B^, B^, B^S, 
Inbred line 2 
19 21 
segregating for B , B 
Line S2 
(B^^, B^^, 5^9, B^l) 
Inbred line 3 
segregating for B^^, B^^ 
Figure 1. Synthesis of lines SI and S2 
Hatching eggs from the foundation matings for lines SI 
and S2 were obtained from the breeder in 1963 and hatched at 
the Iowa State University Poultry Farm. The chicks were 
reared on the Ankeny farm; each was blood typed at 3-4 months 
of age using commercial B locus reagents supplied by the 
X breeder. Following this preliminary typing, a panel of males 
was used for isoimmunizations to produce specific B antisera 
in quantity. These were tested on the previously typed birds 
to verify the particular B specificities in each of the new 
antisera. Because the B locus is highly antigenic, good re­
agents were obtained following absorptions. The correspond-
^Supplied by Hy-Line Basic Research Lab, Johnston, Iowa. 
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ence between the cor, arcial re ,';^rence reagents and those we 
produced was good. 
In 1964, the female breeders of each line (which were 
all heterozygotes) were mated to a non-related male hetero-
zygote. From these matings all 10 possible genotypes were 
produced in each line: four homozygotes and six heterozygotes. 
Birds of the different genotypes were then compared on per­
formance data. 
C. The Breeding Scheme 
Within each line, breeders were selected solely on the 
basis of B locus genotypes of birds in laying condition. The 
breeding plan was designed to avoid formation of sub-lines of 
the various blood groups within each line. Also, matings 
within these lines avoided inbreeding as far as possible. 
The object of the mating plan was to produce a population 
segregating for four B alleles in order to compare the ten 
possible genotypes. Progeny were compared within heterozygous 
sires in order to remove the sire effect. For this reason, 
males heterozygous for B alleles were used almost exclusively; 
the few exceptions occurred when a particular heterozygote 
was missing because of mortality or low fertility. In this 
case homozygous males were used. 
Half of the female breeders were homozygotes and half 
were heterozygotes. Approximately equal numbers of eggs from 
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these two classes should provide valid test material for 
comparisons between homozygotes and heterozygotes on fertility 
and hatchability. 
A population segregating for four alleles produces 10 
genotypes - 4 homozygotes and 6 heterozygotes while a popula­
tion segregating for 3 alleles produces 3 homozygotes and 
3 heterozygotes. It would seem, therefore, that the latter 
would be more amenable to balanced experimental design because 
of the equal numbers of homozygote and heterozygote classes. 
Therefore, matings were made between individuals deleting 
one of the four alleles at a time giving four sets of matings. 
For line SI these were: 
Set Allele deleted 
W B^, B" 
X B^. B" 
y B" , B^L B2 
z B^, B" , B21 B^ 
Similarly, in line S2, one allele of B^^, B^^, and B^^ 
was deleted in each of four sets as above. 
For set W, the 6 progeny genotypes produced would be: 
Homozygotes Heterozygotes 
11 19 
B /B B /B" 
B^/B^ 
b19/B19 B^/B^^ 
Similarly three homozygotes and three heterozygotes would be 
expected for sets X, Y, and Z. 
It can be shown that the genotypes of progeny from the 
mating of a heterozygous sire with the six female genotypes 
of each set include all three heterozygotes but only two homo­
zygotes. The third homozygote is missing because the male 
carries only two of the three alleles in any one set. However, 
by using the three types of heterozygous males for each set, 
all six genotypes would be produced in approximately equal 
frequencies. Three breeding pens were used for each set of 
breeders giving a total of 12 breeding pens per line. Thus, 
matings in the four sets of three alleles produce all 10 
genotypic combinations just as in an unrestricted four allele 
population except that the expected number of homozygotes and 
heterozygotes would be the same in the former case. 
In general, each breeding pen produced its own daughter 
replacements for the next generation except that the missing 
homozygote of a given pen came from one of the other two pens 
of that same set. Mating pens were headed each year by a male 
from a different pen. The actual mating scheme corresponded to 
a circular pattern leading to maximum avoidance of inbreeding, 
i.e., pen 1 males head pen 2, pen 2 males head pen 3, etc. 
and pen 12 males head pen 1 (Kimura and Crow, 1963). 
The first matings involving all 10 genotypes of each line 
were made in February and March of 1965. Of 362 available fe­
2 2  
males in line SI, 14 6 were selected on their B blood types and 
assigned to one of 12 breeding pens. Twelve to thirteen 
females were mated in single male pens as seen in Table 1. 
The sire and dam notation 1-1, 2-2, etc. represents genotype 
1 1  2  2  B /B , B /B , etc. Pen assignments of breeders in line S2 
followed a similar pattern. Again 12 single male pens were 
used, each containing 12-13 females of selected blood types. 
The mating scheme was modified slightly in 1966. Be­
cause all birds were placed in single cages, artificial in­
semination was necessary. The number of male breeders v/as 
increased from 12 to 24 mainly to increase the supply of semen. 
Each male was mated to only 6 females, rather than to 12 as 
in 19 65. Insemination of all 288 female breeders was usually 
completed in 3-4 hours. 
In summary, an attempt was made to design a breeding 
plan to: 
1. Maintain lines SI and S2 as homogeneous (non-sub-
lining breeding populations. 
2. Produce approximately equal numbers of the homozygous 
and heterozygous genotypes in each line. 
3. Minimize inbreeding by a ''maximum avoidance" mating 
scheme. 
4. Make possible a comparison of blood groups within sire 
progeny, i.e., avoid sire effects. 
5. Provide for valid comparisons between blood group 
"zygosities"• 
e 1 
Pen 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Number of pullets of each B locus genotype selected as breeders from 
line, n in 1965 
Sire 
genotype 
Dam genotype 
1-1 2-2 19-19 21-21 1-2 1-19 1-21 2-19 2-21 19-21 
1-2 2 2 2 
1-19 2 2 2 
2-19 2 2 2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1-2 2 2 
1-21 2 2 
2-21 1 2 
1-19 2 — 
1-21 2 
19-21 1 -
2-19 — 2 
2-21 - 2 
19-21 - 2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
3 
2 
2 
3 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
to 
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D. Production of Antisera 
Blood typing reagents were produced by the injection of 
cells of one bird into another member of that same species 
(isoimmunization). Donor males with B antigens lacking in 
recipient birds were used. This procedure has been thoroughly 
discussed for chickens by Schierman (1961) and Fanguy (1961). 
A sample of blood was withdrawn from the wing vein of the 
donor by cutting the vein with a sharp scalpel and allowing 
10-12 ml. of whole blood to flow into a tube containing se­
veral ml. of Alsevers solution (Carpenter, 19 56) . This pre­
vents blood clotting and allows the cells to remain non-
aggregated. After centrifuging the blood samples the red 
cells were washed twice in Alsever.s, centrifuged, and the super­
natant decanted. Finally, the red cells were resuspended in 
about 10 ml. of Alsevers solution and stored in the refriger­
ator at 4-5° C until used for injection. 
Three intravenous injections of approximately 4 ml. of 
a 30% red cell suspension were usually sufficient to produce 
antibodies reactive with donor cells. Several days after 
the last injection, each recipient was bled lightly and the 
serum titered against the donor cells. If the sera reacted 
strongly with donor cells, i.e., at dilutions of 1:16 or 
greater, these birds were bled heavily to obtain large quan­
tities of serum. From 50-70 ml. of blood could be removed 
from a vigorous male without harmful effects by heart puncture 
using a large (50 or 100 ml.) syringe. After allowing the 
blood to clot in several clean centrifuge tubes, the serum 
was harvested. Good quantities of serum (frequently 20-25 
ml.) were obtained when tubes were placed in a water bath at 
38-40° C for several hours and stored overnight in the re­
frigerator. The serum was poured off the following day and 
centrifuged to remove any remaining cells. The clear serum 
was divided among several small (7 ml.) tubes, labeled for 
identification, and stored in the freezer at -18 to -20° C. 
Each serum was tested for antibodies before using it as 
a blood typing reagent. For this purpose cell samples from 
20 birds, representing two of each genotype in a line, were 
used to characterize each antiserum. One small drop from a 
capillary pipette (about 0.05 ml.) of a 2% red cell suspension 
from each bird was mixed with 0.1 ml. of each antiserum diluted 
appropriately. If a particular serum reacted specifically 
with only one antigenic type, the serum was used without further 
modification in subsequent blood typing tests. 
Frequently the antisera reacted with more than one anti­
gen. Absorption with appropriate red cells was then required 
to make monospecific antisera. This procedure was used fre­
quently in attempts to produce B21 antisera. Because is a 
weak antigen, it does not stimulate high titered antibodies in 
recipient birds. When combined with some other B antigen, 
both foreign to a recipient, the second antigen, if highly 
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antigenic, acts as an adjuvant to stimulate antibody formation 
for both antigens , (Schierman and McBride, 1967), Since the 
resulting antiserum then reacts with two B specificities, 
reaction with alone is obtained by absorbing with approp­
riate red cells represented by the second antigen used as the 
adjuvant. 
Sera containing two or more specificities were absorbed 
as follows: Certain red cells, e.g., those which carried the 
adjuvant antigen but which lacked Bg^, were mixed with a dilu­
tion of the antiserum in question. The red cells containing 
the adjuvant antigen combined specifically with antibodies 
formed against it. The agglutinates were removed by centri-
fugation and more of the same type cells added to the antiserum. 
The absorption process was repeated until no macroscopic 
clumping of the cells was observed after an incubation period 
of one hour. Frequently, it was necessary to absorb antisera 
5-6 times before a specific reagent was obtained, Absorption 
was used to produce B21 reagents as well as other monospecific 
reagents in this study. The absorbed sera, containing but one 
specificity, were stored in the freezer. 
One further note on B21 reagents is of interest. Bg^ 
seemed to be more antigenic and stimulated higher titered anti­
bodies in S2 than in SI even though the B^^ antigens in both 
lines are identical by descent. When B21 reagents from S2 were 
absorbed with SI cells containing all antigens except Bg^' 
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specific antisera could be produced for in Si. 
E. Blood Typing Techniques 
Two blood typing techniques were used. The 1963 inbred 
cross progeny and the 1964 chicks were typed in 10 x 75 iran. 
tubes as follows. One-tenth ml. of eight reagents, two 
replicates of each specificity, were added to eight rows of 
test tubes. Single drops of 2% red cell suspensions in 
Alsevers were added to each of the eight tubes. All tubes 
were thoroughly shaken and incubated at room temperature for 
one hour. This was repeated after which the tubes were read 
macroscopically for agglutination. In this manner, the B 
locus genotype of each bird was determined. 
In 1965 small plastic blood typing plates^ replaced the 
10 X 75 mm. tubes. These plates gave results identical with 
those using tubes and, in addition, have several advantages. 
They are easier to use, require only half the amount of re­
agent, and the time required to read each reaction is much 
less than in the case of tubes. Also, the plates are more 
easily and quickly washed. 
The blood typing routine using plates is similar to that 
using tubes. Replicate reagents were used and each sample is 
tested with each reagent. After the cell samples are added 
^Obtained from Linbro Chemical Co., New Haven, Conn. 
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to the reagents, each plate is gently shaken until the cells 
are thoroughly suspended in the reagent and set aside for 45 
minutes. The plates are read by tilting at a 45° angle over 
a fluorescent light. Cells not agglutinated move along the 
bottom of the well in the plate while those agglutinated re­
main in a continuous layer over the bottom of the typing well. 
The positive and negative reactions can be determined at a 
glance with little chance for error; yet this provides a rapid 
method for genotypic determinations of each bird. 
F. Management of the Stocks 
All stocks were hatched and reared on the Iowa State 
University Poultry Farms under standard management conditions 
In 1964, chicks were produced in three 2-week hatches. In 
1965 and 1956, chicks were produced in two 2-week hatches. 
Generally about 1200 chicks per line were hatched and brooded 
each year. All chicks were blood typed either during the 
brooding or rearing periods. At six or eight weeks of age, 
birds were moved to summer range. At about twenty weeks of 
age, all birds were housed into permanent quarters where indi­
vidual performance records were obtained. Standard Iowa State 
rations containing the necessary nutrients for starting, 
growing, and laying birds were used throughout. 
Housing space was limited to about 400 pullets per line 
each year. This required some culling of the genotypes in 
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greatest numbers. Culling was done from randomly chosen wing 
band numbers among birds in a group of the excess genotypes 
prior to handling the birds. Thus, the chosen samples of geno­
types should not have been biased. Only birds in extremely 
poor condition were discarded after paper selection. 
Natural matings in floor pens were used exclusively for 
the first two years to reproduce these lines. In the fall of 
1965, all birds were placed in cages which necessitated artifi­
cial insemination. Prior to 1965, only about half the pullets 
(those not selected as breeders) were housed in cages. 
G. Traits Studied 
Performance records were obtained on all individual birds 
from date of housing to about 47 5 days of age. Traits included 
laying house mortality, total egg production, body weight at 
four ages, egg weight at two ages, and shank length. In addi­
tion, fertility and hatchability were recorded on the selected 
breeders. 
Mortality was based on the percent deaths of all birds 
housed. Shank lengths were recorded in centimeters at housing. 
All birds were weighed at 6 or 8 weeks of age (juvenile body 
weight), at housing at 2 0-21 weeks (housing body weight); at 
32 weeks, and at 55 weeks. The average egg weight for each 
bird was based on four consecutive traprnest days at 32 weeks 
and at 55 weeks. 
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The procedure for egg production records collected over 
the three years varied. Hens were trapnested two days per week 
in 1964-1965 and 1965-1965. In 1966-1967, eggs were recorded 
from birds in cages four days per week. Percent egg production 
for each bird was calculated as the number of eggs laid to the 
total number of trapnest days, i.e., on a hen-day basis. Only 
birds having a record of at least one egg were used in this 
study. 
H. Statistical Procedures 
After completion of each yearly test, the data were 
transferred to IBM cards and summarized on an IBM 360-50 com­
puter. A hierarchial analysis of variance within full sib 
families in which all effects were considered random was used. 
Separate analyses were obtained for each line in each of the 
three years in addition to the pooled results within each 
line. The pooled analysis on each trait took the following 
form: 
Source Expected mean squares 
Years + + 
Sires/years + + 
Dams/sires + + 
Genotypes/dams 
"'h + 
Hens/genotypes 
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The important comparison is represented by the F ratio, 
F = Mean square between genotypes/dams 
mean square between hens/genotypes 
which should be an unbiased test. The error term (hens/geno­
types) is composed of differences between hens of the same 
genotype within full sib families. This test, however, ignores 
genotypic effects associated with differences between full 
sibs. Because of unequal subclass numbers, tests for dam, 
sire, and yearly effects are not exact but should give reason­
able estimates of these effects. 
In all the analysis of variance tests, estimators of the 
variance components attributable to genotypes, dams, sires, 
and years were obtained. Each component was then expressed 
as a percentage of the total variance to demonstrate the amount 
of variation due to each of these sources. 
Because mortality, fertility, and hatchability data are 
binomially distributed (a bird either lives or dies, etc.), a 
binomial analysis of variance was performed on these traits. 
If, for example, an egg was fertile, it was designated as 1 
while an infertile egg was 0. The analysis was then performed 
on the ones and zeroes in the hierarchial manner previously 
described. An added source of variance (eggs/hens) was pre­
sent for fertility and hatchability data. 
If the blood group genotypes contributed significantly to 
the total variance, the particular genotypes responsible for 
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the increase were investigated. The method of Newman-Keuls' 
for testing the differences between means was used for this 
purpose (Steel and Torrie, 19 60). The actual difference 
between two genotypic means was compared with the calculated 
difference set at a 5% significance level. 
The t test was used for comparing differences between 
the homozygotes and heterozygotes (Snedecor, 1956) using the 
formula. 
^1 " ^ 2 
2 
s (n^+n2) 
^1^2 
where = mean of the homozygotes 
Xg = mean of the heterozygotes 
n^ = number of birds contributing to x^ 
n^ = number of birds contributing to x. 
2 s = mean square for genotypes/dams 
with d.f. = n^ + n^ -2. 
Because of consistent deleterious effects seen in the 
performance of the 1-1 homozygotes, three comparisons within 
full sib families were examined. These were 
1. 1-1 versus all other genotypes 
2. 1-1 versus 1-x genotypes 
3. 1-x versus all other genotypes, where x denotes any 
allele except B^. 
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An unbiased test in this case is 
_ mean square for 1-1 vs. all others/dams 
mean square for hens/1-1 vs. all others 
for the 1-1 versus all other comparison with analogous F tests 
for the remaining comparisons. 
Certain comparisons between genotypes common to SI and 
S2 were possible within full sibs. For the three genotypes 
(19-19, 19-21, 21-21), offspring were classified as homozygotes 
(19-19, 21-21) or heterozygotes (19-21) and the "zygosities" 
were contrasted. That is, the difference between homozygotes 
and heterozygotes of line SI was compared to that of line 82. 
Within lines the analysis of variance was. 
Source 
Sires 
Dams/sires 
Homozygote versus heterozygote/dams 
Hens/"zygosity" 
The larger mean square for the "zygosity" of one line was 
divided by the smaller but corresponding mean square for the 
other line. In other words, this tests for the interaction 
of "zygosity" by lines. 
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IV. RESULTS 
A. Number of Records for Each Genotype 
The total number of records on each of the eleven traits 
by genotypes is given in Table 2 for the SI line and in Table 
3 for line S2, respectively. The success of the breeding plan 
in producing approximately equal numbers of the ten genotypes 
in each line can be seen by examination of these two tables. 
Generally, the homozygous genotypes had fewer pullets. How­
ever, enough homozygotes were housed each year to make reason­
ably good comparisons. For example, in line SI, the number 
of birds with 1-1 genotypes in 1965 was fewest with only 18 
pullets housed. The maximum number of birds housed per geno­
type was 67 for 2-21 in 1967. In the S2 line, 8 pullets of 
the 14-14 genotype in 1967 was the lowest number. In 1965 
and 1966, genotypes with the largest numbers were reduced to 
40-45 birds each. No culling was practiced in 1967. 
Fertility and hatchability data were collected only on 
the breeders, which was somewhat less than half of all birds 
on test each year. The number of breeders ranged from 4 to 
19 per genotype over the three years. 
Because 55-week egg weights were obtained in 1965 only 
on birds housed in cages and not on the selected breeders, 
estimates of the true genotype means, especially in the homo­
zygotes, are probably less reliable than in the other years. 
Thirty-two week body and egg weights were not obtained in 1966. 
Table 2. Number of pullets with records for each trait in line SI 
Year 
Trait 
' B locus genotype 
1-1 2 - 2  19-19 2 1 - 2 1  1 - 2  1-19 1-21 2-19 2 - 2 1  19-21 
1965 
Juvenile body wt. 18 2 0  2 2  21 4 0  39 3 8  37 4 0  39 
Mortality 18 2 0  2 3  2 2  41 39 39 3 8  41 41 
Housing body wt. 18 2 0  23 2 2  41 39 39 3 8  41 41 
Shank length 18 19 2 3  2 2  41 39 39 3 8  41 40 
32-week body wt. 15 2 0  19 22 41 36 39 35 4 0  37 
32-week egg wt. 9 2 0  16 2 0  3 8  36 34 31 3 8  35 
Egg production 13 2 0  20 21 40 35 3 8  37 4 0  3 8  
55-week body wt. 9 18 19 20 37 34 35 33 2 8  31 
55-week egg wt. 2 2 3 2 19 14 17 12 19 17 
Fertility 6 14 12 17 12 12 17 12 15 11 
Hatchability 5 14 12 16 10 11 14 12 13 10 
1966 
Juvenile body wt. 2 8  48 27 42 4 6 42 63 6 3  5 8  4 5  
Mortality 2 9  43 2 9  42 40 41 42 4 4 41 4 0  
Housing body v;t. 29 48 30 43 49 43 64 65 59 45 
Shank length 2 9  48 30 43 49 43 64 65 59 45 
32-week body wt. 
3 2-week egg wt. 
Egg production 21 43 27 41 38 37 38 41 4 0  4 0  
55-week body wt. 13 43 25 39 39 35 38 40 40 3 3  
55-week egg wt. 5 35 17 33 32 2 8  2 9  30 33 2 2  
Fertility 12 18 18 19 16 11 12 11 12 12 
Hatchability 10 17 16 18 16 11 9 11 12 10 
Table 2 (Continued) 
Year 
Trait 
B locus genotype 
1-1 2 - 2  19-19 21-21 1-2 1-19 1-21 2-19 2-21 19-2 
1967 
Juvenile body wt . 23 46 34 32 55 36 37 50 66 49 
Mortality 2 3  4 8  34 33 55 36 3 8  51 67 50 
Housing body wt. 23 48 34 33 55 35 38 51 66 51 
Shank length 22 47 34 33 55 36 3 8  51 67 51 
32-week body wt. 2 2  48 33 33 55 36 36 51 67 50 
32-week egg wt. 19 38 26 2 9  45 25 34 38 58 39 
Egg production 21 47 33 33 55 36 37 51 67 5 0  
55'week body wt. 17 4 8  31 33 53 33 31 48 65 49 
55-week egg wt. 8 31 24 25 2 6  20 26 35 55 36 
Fertility 8 15 14 17 17 15 13 11 12 15 
llatchability 8 14 13 17 17 15 13 11 12 15 
w 
<T\ 
Table 3. Number of pullets with records for each trait in line S2 
Year B locus genotype 
Trait 13-13 14-14 1 9 - 1 9  21-21 1 3 - 1 4  1 3 - 1 9  13-21 1 4 - 1 9  1 4 - 2 1  1 9 - 2  
1965 
Juvenile wt. 16 18 2 2  12 29 44 22 2 2  56 43 
Mortality 17 18 2 2  13 32 4 8  23 22 57 44 
Housing wt. 17 18 22 13 32 4 8  23 2 2  57 44 
Shank length 17 18 2 2  13 31 48 23 2 2  57 4 4  
3 2-wk. wt. 17 17 2 0  13 31 48 2 2  21 57 44 
3 2-wk. egg wt. 17 13 19 13 31 41 20 16 53 41 
Egg prod'n. 17 15 20 13 31 45 20 20 55 4 4  
5 5-wk. wt. 17 10 19 13 27 43 15 1 8  48 41 
5 5-wk. egg wt. 1 — — 2 1 10 26 7 5 31 19 
Fertility 15 13 16 10 12 11 10 10 17 14 
Hatchability 14 12 15 10 10 10 10 9 16 13 
1966 
Juvenile wt. 2 8  2 2  40 35 52 47 55 6 0  36 47 
Mortality 31 2 2  3 8  39 39 41 45 44 3 8  40 
Housing wt. 31 22 . 40 39 52 51 56 6 4  3 8  49 
Shank length 31 22 40 39 52 51 56 6 4  3 8  49 
32-wk. wt. — —  — — « — — —  —  — — —  —  — —  —1 — 
32-wk. egg wt. — — — — —  —  — « 
Egg prod'n. 29 22 38 35 38 37 4 2 40 38 3 8  
5 5-wk . V7t. 24 2 2  3 6  35 34 34 37 39 36 3 4  
55-wk. egg wt. 20 18 33 33 25 27 28 33 27 31 
Fertility 18 17 18 17 11 11 12 12 12 12 
Hatchability 18 15 16 16 9 10 11 10 12 12 
Table 3 (Continued) 
Year B locus genotype 
Trait 13-13' 14-14 19-19 21-21 13.14 13-19 13-21 14-19 T 4 - 2 1  19-2 
1967 
Juvenile wt. 2 9  8 18 37 40 26 2 6  3 8  31 55 
Mortality 2 9  8 18 33 40 2 6  27 39 31 57 
Housing wt. 2 9  8 18 38 40 26 27 39 30 57 
Shank length 29 8 18 38 40 2 6  27 39 31 57 
32-wk. wt. 2 8  8 18 37 39 26 25 38 29 56 
32-wk. egg wt. 27 6 11 35 36 2 2  22 33 22 49 
Egg prod'n. 28 7 18 38 40 26 27 39 30 57 
5 5-wk. wt. 27 5 16 3 2  35 2 2  23 2 8  2 8  46 
55-wk. egg wt. 2 2  5 13 2 7  26 18 15 17 22 36 
Fertility 16 4 13 17 17 13 10 18 13 12 
Hatchability 16 4 13 17 17 13 10 18 13 12 
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B. Genotype Means and Analyses 
of Variance 
Means of the ten genotypes and of the homozygotes and 
heterozygotes are presented by years with corresponding 
analyses of variance in Tables 4-15 for each line. The over­
all means are weighted averages in which each bird contributes 
equally. Genotype means varied considerably among the 
traits. 
1. Laying house mortality 
The genotype means for SI in 1965 ranged from 2.43% to 
61.12% (Table 4a). Likewise, means for 1966 and 1967 were 
highly variable. The highest mortality each year was found 
in the 1-1 homozygotes. From the analyses of variance in 
Table 4b, the total variance is partitioned according to 
the sources listed. In 1965,- the mean differences in 
b 
mortality were almost wholly accounted for by differences 
between dams mated to the same sire. Dam effects were 
highly significant (P<.01) while genotypic effects were 
not. The percentage of variance controlled by the blood 
group genotypes increased in 1966 and approached significance 
in 1967 (P<.10). More than 5% of the variance in 1966 and 
13% in 1967 was associated with differences between blood 
group genotypes. For the pooled data, almost 7% of the 
total variance was associated with blood group effects (F = 
1.14, P<.10). The combined effects of sires, dams, and 
40 
years accounted for little more variance (<5%) than did 
the B locus genotypes. 
Comparisons of mean differences of homozygotes and 
heterozygotes indicated superiority of the heterozygotes 
in each of the three years; these differences were highly 
significant (t<.01) in 1965, significant (t<.05) in 1966, 
and non significant in 1967. The differences seemed to be 
largely accounted for by the high mortality of the 1-1 
homozygotes. 
Table 4a. Percent laying house mortality for line SI 
B locus genotype 1965 1966 1967 
1-1 61.12 . 65.51 30.43 
2 - 2  5.00 2.32 0.00 
19-19 21.74 17.24 8 . 8 2  
21-2.1 4.54 11.90 0.00 
Homozygotes 21.69** 20.97* 7.25 
1-2 2 . 4 3  2.50 3.64 
1-19 15.38 26.82 8.33 
1-21 5.13 11.90 15.79 
2-19 7.90 4 . 5 4  5 . 8 8  
2-21 7.31 2.50 2 . 9 8  
19-21 9.76 19.51 4.00 
Heterozygotes 7.95 12.90 6.05 
Mean 11.50 15.85 6.43 
** = P (t) < .01. 
* = P (t) < .05. 
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Table 4b. Analyses of variance of mortality for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 7 .16972 <1 -.00156 0.00 
Dams/sires 43 .20137 2.33** .01895 18.26 
Genotypes/dams 94 .08610 1.02 .00119 1.15 
Hens/genotypes 177 .08365 .08365 80.59 
Total 321 .10380 100.00 
1966 
Sires 11 .38821 2.23* .00619 4.62 
Dams/sires 92 .17014 1.44* .01370 10.21 
Genotypes/dams 121 .11856 1.10 .00696 5.19 
Hens/genotypes 167 .10732 .10732 79.98 
Total 391 .13420 100.00 
1967 
Sires 19 ,06381 1.15 -.00061 0.00 
Dams/sires 9 8  .05537 <1 -.00535 0.00 
Genotypes/dams 116 .07047 1.24 .00866 13.27 
Hens/genotypes 201 .05663 . 0 5 6 6 3  86.73 
Total 434 .06530 100.00 
Pooled 
Years 2 .91127 5.05* .00187 1.89 
Sires/years 37 .18029 1.41 .00150 1.52 
Dams/sires 2 3 3  .12763 1.38** .00813 8.21 
Genotypes/dams 331 .09249 1.14 .00666 6.72 
Hens/genotypes 545 .08094 .08094 81.66 
Total 1148 .09911 100.00 
**P < .01. 
*P < .05. 
The mean mortality of the S2 genotypes did not differ 
greatly from year to year (Table 5a). Ranking of genotypes 
within years was not consistent and differences between 
homozygotes and heterozygotes were small. The range in 
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Table 5a. Percent laying house mortality for line S2 
B locus genotype 1965 1966 1967 
13-13 11.76 38.70 13.79 
14-14 44.44 4.54 37.50 
19-19 4.56 15.79 16.66 
21-21 15.38 10.25 15.78 
Homozygotes 18.58 17.69 17.21 
13-14 21.87 23.07 17.50 
13-19 16.66 26.82 15.38 
13-21 34.78 26.66 18.51 
14-19 18.18 20.45 28.20 
14-21 14.04 18.42 16.12 
19-21 6.81 20.00 21.05 
Heterozygotes 16. 82 22.67 20.01 
Mean 17.23 20.95 19.17 
mortality between S2 genotypes was smaller than that for 
the SI genotypes. 
In the analyses of variance (Table 5b), the mean 
squares for blood group genotypes within dams were signifi­
cant (P<.05) in 1965 but not in 1966 and 1967. From the 
pooled data, the variance associated with blood groups, al­
though small, was several times greater than the combined 
variance of sires and dams. 
Based upon the range tests of Table 17a (Appendix), 
mortality was significantly lower for the 19-19 and 19-21 
genotypes than either the 14-14 or 13-21 genotypes in 1965. 
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Table 5b. Analyses of variance of mortality for S2 
Year Source d.f. M.S. F Component Percentage 
1965 
1966 
1967 
Sires 7 .17046 <1 -.00124 0 .00 
Dams/sires 2 8  .17099 <1 -.00433 0 .00 
Genotypes/dams 72 .18351 1.49* .02525 17 .10 
Hens/genotypes 188 .12244 .12244 82 .90 
Total 295 .14769 100 .00 
Sires 11 .34693 2.60** .00519 2 .75 
Dams/sires 9 8  .13322 <1 -.01531 0 .00 
Genotypes/dams 106 .15599 <1 -.01791 0 .00 
Hens/genotypes 161 .18395 .18395 97 .25 
Total 376 .18915 100 .00 
Sires 2 2  .12291 <1 -.00301 0 .00 
Dams/sires 103 .16307 1.12 .00087 0 .54 
Genotypes/dams 67 .14452 <1 -.01234 0 .00 
Hens/genotypes 120 .16095 .16095 99 .46 
Total 312 .16182 100 .00 
id 
Years 2 .13295 <1 -.00022 0 .00 
Sires/years 40 .19284 1.27 .00132 0 .83 
Dams/sires 229 .15126 <1 -.00308 0 .00 
Genotypes/dams 245 .16094 1.05 .00430 2 .71 
Hens/genotypes 4 6 9  .15341 .15341 96 .46 
Total 9 8 5  .15903 100 .00 
**P < .01. 
*P < .05. 
The performance of the homozygotes was not statistically 
different from the hétérozygotes. 
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2. Eg£ production 
The differences among genotypes for egg production of 
line SI were similar to those for mortality (Table 6a). Wide 
variation in the means of the ten genotypes was noted. In 
1965 and 1967, blood group effects seemed to control consider­
able variance in egg production with statistical significance 
Table 6a. Percent total egg production for line SI 
locus genotype 1965 1966 1967 
1-1 43.35 39.16 41.13 
2-2 65.67 56.10 48.66 
19-19 48.35 47.82 • 50.48 
21-21 62.01 60.25 52.25 
Homozygotes 56.03 53.00 48.81 
1-2 63.44 56.79 48.03 
1-19 55.70 46.88 50.74 
1-21 61.43 ' 49.31 55.52 
2-19 53.15 50.12 47.70 
2-21 59.60 53.92 57.25 
19-21 58.82 49.54 51.42 
Heterozygotes 58.80 51.11 51.89 
Mean 58.12 51.79 50.93 
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Table 6b. Analyses of variance of % total egg production 
for SI 
Year Source d.f. M, . S . Component Percentage 
1965 
Sires 7 
Dams/sires 42 
Genotypes/dams 91 
Hens/genotypes 161 
Total " 301 
1966 
1967 
Sires 11 
Dams/sires 91 
Genotypes/dams 112 
Hens/genotypes 151 
Total 365* 
Sires 19 
Dams/sires 98 
Genotypes/dams 116 
Hens/genotypes 196 
Total 429 
Pooled 
Years 2 
Sires/years 37 
Dams/sires 231 
Genotypes/dams 319 
Hens/genotypes 508 
Total 1097 
.08108 
.04129 
.03091 
.02329 
.16455 
.06304 
.04431 
.04343 
.14505 
.03868 
.04704 
.03576 
.51256 
.13875 
.04875 
.04148 
.03409 
1.96 
1.33 
1.32 
.00096 
.00151 
.00387 
.02329 
.02963 
2.60** .00315 
.1.42* .00542 
1.02 .00056 
.04343 
.05258 
3.75** .00435 
< 1 -.00328 
1.31* .00713 
.03576 
3.69* 
2.84** 
1.17 
1.21* 
.04725 
.00096 
.00321 
.00149 
.00438 
.03409 
.04416 
3.21 
5.11 
13.09 
78.59 
100.00 
6.01 
10.31 
1.07 
82.61 
100.00 
9.22 
0.00 
15.10 
75.68 
100.00 
2 .19 
7.29 
3.39 
9,94 
77.19 
100.00 
**P<.01. 
*P<.05. 
in 1967 (P<.05) and nearly so in 1965 (Table 6b). However, 
blood group differences were less marked in 1966, For the data 
pooled over years, blood group genotypes were statistically 
significant (P<.05) as were sire and yearly effects. Approxi­
mately 10% of the total variance in egg production was 
associated with blood group differences. 
Multiple range tests of Table 17b (Appendix) for 1967 
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Table 7a. Percent total egg production for line S2 
B locus genotype 1965 1966 1967 
13-13 68 .39 55.35 67.17 . 
14-14 60 .00 6 6 . 4 8  56.31 
19-19 64 .06 62.09 59.06 
21-21 65.68 6 5 . 1 6  65.02 
Homozygotes 64.58 62.16** 63.83* 
13-14 6 2 . 9 8  54.25 55.73 
13-19 64.11 52.81 63.43 
13-21 71.45 56.58 60.83 
14-19 60.19 57.08 53.90 
14-21 62.75 58.92 58.83 
19-21 64 .96 62.33 59.24 
Heterozygotes 64 .09 57.01 58.28 
Mean 64.20 58.80 59.91 
** = P(t)<,01 . 
* = P(t)<.05 
• 
indicated that the 1-1 homozygote was inferior in egg produc-
tion to the 2-21 and 1-21 heterozygotes. No consistent or 
significant advantage due to heterozygosis was observed for 
egg production in SI. 
Egg production for the S2 genotypes was characteristically 
less variable than for SI (Table 7a). There seemed to be no 
obviously inferior or superior genotype. From the analyses 
of variance (Table 7b), blood group genotypes were not signifi­
cant sources of variance for either the pooled data or for any 
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Table 7b. Analyses of variance of % total egg production for 
S 2  
Year Source * a,f. M.S. F Component Percentage 
1 9 6 5  
Sires 7 . 0 3 2 9 2  1.52 .00028 1.20 
Dams/sires 2 8  .02155 1.32 -.00022 0.00 
Genotypes/dams 71 .01630 < 1 -.00297 0.00 
Hens/genotypes 173 .02323 .02323 98.80 
Total 279 .02351 100.00 
1966 
Sires 11 .10419 2 . 5 9 * *  .00203 5.96 
Dams/sires 96 .04019 1.34 .00301 8.84 
Genotypes/dams 101 .02999 1.10 .00185 5.46 
Hens/genotypes 148 .02715 .02715 79.74 
Total 356 .03405 100.00 
1967 
Sires 2 2  .07751 1 . 6 6 *  .00208 4.03 
Dams/sires 103 . 0 4 6 5 4  1.37 -.00133 0.00 
Genotypes/dams 6 6  .03388 < 1 -.00196 0.00 
Hens/genotypes 118 .04974 .04974 95.97 
Total 309 .05182 100.00 
Pooled 
Years 2 .24607 3.19 .00048 1.33 
Sires/years 40 .07704 1 . 8 8 * *  .00158 4.36 
Dams/sires 2 2 7  .04077 1.51** .00270 7.41 
Genotypes/dams 2 3 8  .02698 < 1 -.00274 0.00 
Hens/genotypes 439 .03168 .03168 86.90 
Total 946 .03645 100.00 
*P<.05. 
single year. In contrast, sire and dam effects were highly 
significant on a pooled basis. 
Rather unexpectedly, the mean egg production of the homo­
zygotes was superior to the heterozygotes in each year of this 
test with statistically significant differences in 1966 
Table 8a. Body weights of birds from line SI at four ages 
Genotype Juvenile body wt. Housing body wt. 32-week body wt. 55-week body wt. 
(gm)^ (Ibs)b (lbs.) (Ibs)C 
1965 1966 1967 1965 1 9 6 6  1 9 6 7  1965 1966 1 9 6 7  1 9 6 5  1 9 6 6  1967 
1-1 417.2 525.7 5 7 5 . 6  2.79 2.84 2 . 8 4  3.42 tÊm «M 3.37 3 . 2 6  3.36 3 . 5 7  
2-2 422 . 9 580.8 604 . 5 3.02 3.20 3.05 3 . 8 2  " — 3.60 3 . 8 6  3 .60 3.73 
19-19 418 .1 553 . 3 5 8 8 . 8  2.90 3 . 03 3.05 3.72 — — — — 3.40 3.76 3.51 3 . 5 9  
21-21 406.1 560.7 615.3 2 . 9 2  3.18 3.09 3.61 3 . 6 6  3.77 3.55 3 . 6 9  
Homo . 4 1 6 . 0  5 5 9 . 2  598 .2 2 . 9 1 *  3.09 3.02 3 . 6 6  — — — — 3 . 5 3  3.72 3 . 5 4  3 . 6 7  
1-2 423.4 556.9 598.9 3 . 0 4  3.13 2 . 9 6  3.73 — 3.47 3 . 7 6  3.57 3 . 66 
1-19 420,5 530.2 5 7 2 . 7  3 . 0 2  2 . 9 0  2 . 9 4  3.71 — V.— — 3.35 3 . 6 8  3.37 3.61 
1-21 4 0 8 . 4  535.8 5 7 6 . 7  2.91 2.99 2 . 9 5  3 . 6 4  — — 3 . 4 4  3.61 3.33 3 . 4 9  
2-19 418.1 553.8 600.8 3.06 3.14 3.06 3.68 3 . 6 0  3 .68 3.67 3.71 
2-21 4 3 5 . 4  565.5 6 2 3 . 1  3.08 3 .14 3 . 2 2  3 . 7 8  — — — — 3 . 6 8  3.85 3.54 3.87 
19-21 402.3 561. 5 589.5 2.94 3 . 0 9  3.02 3 . 67 — — — — 3 . 50 3.59 3.52 3.50 
Hetero. 418.1 550.8 597.1 3.01 3.07 3.04 3.70 — 3.53 3 . 6 9  3.50 3 . 6 8  
Mean 417.6 552.4 5 9 7 . 4  2.98 3 . 0 8  3 . 0 4  3 . 69 — — — 3.53 3.70 3 . 51 3 . 6 7  
* = P(t)<.05. 
^Measured at 6 Wks. in 196 5, and at 8 wks. in 1966 and 19 67. 
^Measured at 20 wks. in 1965, at 22 wks. in 1966 and 1967. 
^Measured at 54 wks. in 1965, at 56 wks. in 1966, and 55 wks. in 1967. 
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Table 8b. Analyses of variance of juvenile body weight for 
SI 
Year Source d. f M. S , Component Percentage 
1965 
1966 
1967 
Sires 7 7933.46 
Dams/sires 43 2177.90 
Genotypes/dams 9 3 14 67.4 5 
Hens/genotypes 17 0 1516.42 
Total 313 
Sires 11 14596.13 
Dams/sires 93 5961.35 
Genotypes/dams 125 2582,10 
Hens/genotypes 232 2497.93 
Total 461 
Sires 19 19199.63 
Dams/sires 97 4834.22 
Genotypes/dams 116 1270.85 
Hens/genotypes 195 1624,28 
Total 427 
Pooled 
Years 
Sires/years 
Dams/sires 233 
Genotypes/dams334 
Hens/genotypes 597 
Total 1203 
3.64** 143.020 
1.48 112.160 
< 1 -24.236 
1516.424 
2.44** 
2.30** 
1.03 
8.07 
6.33 
0 . 0 0  
85.60 
1771.605 100.00 
199,411 5.64 
791.485 22.39 
45.995 1.30 
2497.937 70.67 
3534.830 100.00 
3,97** 653.407 20.53 
3.80** 904.501 28.42 
< 1 -223.163 0.00 
1624.283 51.04 
3182.192 100.00 
2 3075318.2 195.89** 7711.46 
37 15699.5 3.27** 347.62 
4793.8 
1816.3 
1933.0 
2.63** 
< 1 
671.19 
-64.95 
1933.07 
10663.35 
72.32 
3.26 
6.29 
0 . 0 0  
18.13 
100.00 
**P<.01, 
(P<.01) and 1967 (P<.0 5) . 
3. Body weight 
Mean body weights of each genotype (Table 8a) and the 
analyses of variance (Tables 8b-8e) for SI seemed to indicate 
that smaller size was associated with the 1-1 homozygotes. 
From the separate yearly analyses, however, blood group geno­
types showed no consistent effect on the variance in body 
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Table 3c Analyses of variance of housing body weight for SI 
Year Source d. f. M. S. F Component Percentage 
1965 
Sires 7 . 2 9 3 0 8  2 .49* .00430 3 .73 
Dams/sires 43 .11767 1 .01 -.00015 0 .00 
Genotypes/dams 94 .11664 1 .01 .00508 4 .40 
Hens/genotypes 177 .10616 .10616 91 .87 
Total 321 .11556 100 .00 
Sires 11 .98582 5 . 8 0 * *  .01994 19 .72 
Dams/sires 9 3  .16994 2 .79** .02452 24 .35 
Genotypes/dams 129 .06077 1 .17 .00489 4 .84 
Hens/genotypes 241 .05167 .05167 51 .09 
Total 474 .10113 100 .00 
1967 
Sires 19 .68974 4 . 4 8 * *  .02429 20 .56 
Dams/sires 9 8  .15383 3.19** .02335 19 .76 
Genotypes/dams 116 .04814 < 1 -.01401 0 .00 
Hens/genotypes 200 .07055 . 0 7 0 5 5  59 .69 
Total 433 .11820 100 o|
 
Pooled 
Years 2 .81461 1 .15 -.00009 0 .00 
Sires/years 37 .70272 4 .57** .01759 16 .07 
Dams/sires 234 .15359 2 . 1 3 * *  . 0 1 8 4 6  16 .87 
Genotypes/dams 339 .07194 < 1 -.00079 0 .00 
Hens/genotypes 618 .07338 .07338 67 .05 
Total 1230 .10944 100 
o
 
o
 
**P<.01. 
*P<.05 . 
weights. The percentage of variance in all pooled analyses 
was zero while the sire and dam effects were highly sig­
nificant for each of the four body weight periods. In addi­
tion, yearly effects were statistically significant for each 
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Table 8d. Analyses of variance of 32-week body weight for 
SI 
Year Source d. f, M.S. Component Percentage 
1965 
1966 
1967 
Pooled 
Sires 7 .32430 1.79 .00357 2 .27 
Dams/sires 43 .18017 1.15 .00393 2 .51 
Genotypes/dams 92 .15555 1.08 .00627 4 .00 
Hens/genotypes 161 .14318 .14318 91 .22 
Total 303 .15696 100 .00 
Sires No data obtained for 1966 
Dams/sires 
Genotypes/dams 
Hens/genotypes 
Total 
Sires 19 .99779 4.26** .03491 18 .65 
Dams/sires 98 .23397 2.93** .03215 17 .18 
Genotypes/dams 116 .07963 <1 .02556 0 .00 
Hens/genotypes 197 .12007 .12007 64 .16 
Total 430 .18714 100 .00 
Years 1 4.72556 5.78* .01033 5 .61 
Sires/years 26 .31646 3.75** .02261 12 .28 
Dams/sires 141 .21757 1.92** .02074 11 .27 
Genotypes/dams 208 .11321 <1 .00983 0 .00 
Hens/genotypes 358 .13046 .13046 70 .84 
Total 734 .18417 100 .00 
**P<.01. 
*P<.05. 
period except housing. The large yearly effect for juvenile 
body weight in the pooled data mainly reflects an age differ­
ence when the chicks were weighed, These weights were re­
corded at 6 weeks in 1965 and at 8 weeks in 1966 and 1967 
when the birds were placed on summer range. 
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Table 8e. Analyses of variance of 55-week body weight for 
SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 7 .39074 1.27 .00156 .74, 
Dams/sires 42 .30725 1.49 .01883 8 .88 
Genotypes/dams 85 .20563 1.17 .01744 8 . 2 2  
Hens/genotypes 1 2 9  .17431 .17431 82.16 
Total 2 6 3  
.21142 100.00 
1966 
Sires 11 .84411 3.29** .01946 9.70 
Dams/sires 90 .25646 2.76** .03323 16.56 
Genotypes/dams 104 .09273 <  1  -.03541 0.00 
Hens/genotypes 139 . 1 4 8 0 1  .14801 73.74 
Total 3 4 4  .20072 100,00 
1967 
Sires 19 1,01187 3.34** .03376 15.45 
Dams/sires 97 .30264 2.51** .04937 22.59 
Genotypes/dams 110 .12039 < 1 .00981 0.00 
Hens/genotypes 181 .13546 .13546 61.97 
Total 407 
-
.21860 100.00 • 
Pooled 
Years 2 3.34034 3 .9 5** .00700 3.25 
Sires/years 37 .84449 2.95** .02106 9.77 
Dams/sires 2 2 9  .28534 2.11** .03701 17.17 
Genotypes/dams 299 .13500 < 1 -.00957 0.00 
Hens/genotypes 4 4 9  .15051 - .15051 6 9 . 8 1  
Total 1016 
.21560 100.00 
* * P < . 0 1  
The housing body weight of the homozygotes was 0.10 
lb. lighter than the heterozygotes in 1965 (P<.05). How­
ever, this difference was inconsistent over years. 
Body weight means for line 82 (Table 9a) indicated a 
rather consistent association between B locus homozygosity and 
Table 9a Body weights of birds from line S2 at four ages 
Juvenile body wt. Housing body wt. 32-week body wt. 55-week body wt. 
Genotype (gm) ^ (Ibs)b (lbs) (Ihs)C 
1965 1966 1967 1965 1966 1967 1965 1966 1967 1965 1966 1967 
13-13 4 51.8 628.5 634 .4 3.28 3.33 3.18 4.12 —  —  —  —  3.95 4.06 3.72 4 .13 
14-14 400.5 598.6 627 .5 2.98 3.17 3.12 3.89 —  —  — —  3.92 3.86 3.75 4 .08 
19-19 450.9 632.9 643.8 3.24 3.24 3.16 4.02 3 .70 3,87 3.78 4 . 02 
21-21 423.3 635.7 639 .9 2.99 3.38 3 .16 3.91 3.85 3.97 3.93 4 .13 
Homo. 432.9 626.7 637 .9 3 .13 3.29 3.16 3.99 ^  — —  3.85* 3.94 3.81 4 .10 
13-14 438.2 633.4 622.4 3.11 3.31 3.07 4 .06 V, — 3.81 3.92 3.78 4 .08 
13-19 444.3 636.3 618 .4 3.14 3.29 3.20 3.97 —  —  — —  3 ,66 3.85 3 .78 3 .85 
13-21 4 31.8 634 . 9 620,7 3.05 3.28 3,07 3.84 3.62 3.80 3,83 3 .93 
14-19 423 .6 618.8 621.0 3.10 3.22 3.07 3.83 3.66 3.67 3.77 4 .01 
14-21 419.1 618.3 620.9 3.00 3.32 3.01 3,87 — 3\73 3.80 3.64 4 .02 
19-21 421.1 661.9 652.9 3.06 3.43 3 .16 3.96 3.80 3.91 4.00 4 .10 
Hetero. 428.9 633 .9 629.0 3 .07 3,30 3.10 3.93 3.73 3,84 3.80 4 .02 
Mean 430.4 631.7 631.7 3.09 3.30 3.12 3.94 — — ^ 3.77 3,87 3.80 4 .04 
* 
=P(t)<.05. 
^Measured at 6 wks. in 1965 and at 8 wks. in 1966 and 1967. 
^Measured at 20 wks. in 1965 and at 22 wks. in 1966 and 1967. 
^Measured at 54 wks. in 1965, at 56 wks. in 1966, and 55 wks. in 1967. 
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Table 9b. Analyses of variance of juvenile body weight for 
S2 
Year • Source d . f . M. S . F Component Percentage 
1965 -X 
Sires 7 11937 .63 3. 8 3 * *  2 4 9  .611 11 . 6 5  
Dams/sires 2 8  3115 .60 1. 7 2 *  163 .295 7 . 6 2  
Genotypes/dams 71 IRll . 3 7  1. 0 8  60 .574 2 .83 
Hens/genotypes 177 1669 . 9 6  1669 . 9 6 8  77 .91 
Total 2 8 3  2143 .448 100 .00 
1966 - -
Sires 11 3 0 6 8 3  .53 4 . 3 5 * *  643 .117 13 .18 
Dams/sires 9 8  7 0 4 8  .53 1. 6 8 * *  667 .837 13 .69 
Genotypes/dams 111 4 1 8 3  . 6 9  1. 5 7 * *  906 .944 18 .59 
Hens/genotypes 2 0 1  2 6 6 0  .16 2660 .169 54 .53 
Total 421 4 8 7 8  .066 100 o
 
o
 
1967 
Sires 22 8 5 2 8  .80 2. 64** 3 8 9  .000 13 .51 
Dams/sires 102 3 2 2 8  .06 1. 7 2 * *  525 .092 18 .23 
Genotypes/dams 66 1 8 7 4  .11 < 1  — 69 .137 0 .00 
Hens/genotypes 117 1965 .77 1965 .772 6 8  .26 
Total 307 
• ^ 
2879 .865 1 0 0  .00 
Pooled 
Years 2 4164072 .3 : 273. 6 4 * *  1 2 4 5 8 .  5 3 2  7 8  .05. 
Sires/years 40 1 5 2 1 7  .8 3. 1 3 * *  430. 8 0 3  2 .70 
Dams/sires 2 2 8  4 8 5 6  .3 1. 6 8 * *  508 . 8 9 4  3 .19 
Genotypes/dams 2 4 8  2 8 8 9  .8 1. 34** 421. 8 2 7  2 .64 
Hens/genotypes 495 2141 .9 2141. 967 13 .42 
Total 1013 1 5 9 6 2 .  023 100 .00 
**P<.01. 
*P<.05 . 
heavier body weight. In nine of eleven weigh periods, the 
homozygotes were heavier than the heterozygotes, although a 
statistically significant association (P<.05) was demonstrated 
only for 32-week weight in 19 67. On the other hand, juvenile 
and housing weights in 1966 were heavier for the heterozygotes 
55 
Table 9c. Analyses of variance of housing body weight for 52 
Year Source d.f. -.M.S. F Component Percentage 
1965 
Sires 7 .49001 4 . 8 4 * *  .01073 9 .69 
Dams/sires 2 8  .10105 1.22 .00014 .13 
Genotypes/dams 72 .08222 < 1 -.00731 0 .00 
Hens/genotypes 18B .09991 .09991 90 .19 
Total 29 5 .11078 100 .00 
\ 
Sires 11 .79732 4.56** .01625 13 .04 
Dams/sires 99 .17466 1.88** .02046 16 .42 
Genotypes/dams 115 .09274 1.14 .00668 5 .36 
Hens/genotypes 216 .08121 .08121 65 .17 
Total 441 
-
.12462 100 .00 
Sires 2 2  .31355 2.74** .01460 12 .97 
Dams/sires 103 .11411 1.80** .01138 10 .11 
Genotypes/dams 67 .06325 < 1 -.01760 0 .00 
Hens/genotypes 119 .08667 .v08667 . 76 .93 
Total 311 .11266 100 .00 
Pooled 
Years 2 4.96571 10. 40** .01264 9 .81 
Sires/years 40 .47746 3. 44** .01382 10 .72 
Dams/sires 230 .13859 1. 69** .01329 10 .31 
Genotypes/dams 2 5 4  .08198 < 1 -.00395 0 .00 
Hens/genotypes 523 .08918 .08918 69 .16 
Total 1049 .12895 100 o
 
o
 
**P<.01. 
but the differences were small and non-significant. 
The analyses of body weights (Tables 9b-9e) indicated a 
significant effect of genotypes on juvenile body weight for 
1966 (P<.01). This effect was also present in pooled data 
P(<.01). No other effects of genotypes were statistically 
significant. The total variance for juvenile body weight for 
genotypes was approximately equal to that for sires or for dams. 
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Table 9d. Analyses of variance of 32-week body weight for S2 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 7 .43510 2.76* .00772 5.54 
Dams/sires 28 .15718 1.26 .00373 2.68 
Genotypes/dams 72 .12426 < 1 -.00155 0.00 
Hens/genotypes 182 .12794 .12794 91.78 
Total 289 .13941 100.00 
1966 
Sires 
Dams/sires 
Genotypes/dams 
Hens/genotypes 
Total 
No data were obtained for 1966 
1967 
Sires 2 2  . 2 2 8 1 3  < 1 -.00110 0 .00 
Dams/sires 101 .23277 1. 67* . 0 2 9 2 1  14 .57 
Genotypes/dams 67 .13907 < 1 -.02004 0 .00 
Hens/genotypes 113 .16549 .16549 85 .43 
Total 303 .19371 100 .00 
Pooled 
Years 1 4.60641 16. 56** .01431 7 .95 
Sires/years 29 . 2 7 8 0 9  1. 2 8  .00264 1 .47 
Dams/sires 129 .21636 1. 64** .02077 11 .54 
Genotypes/dams 1 3 9  .13140 < 1 -.00586 0 .00 
Hens/genotypes 2 9 5  .14233 .14233 79 .04 
Total 593 .18006 100 .00 
**P<.01 . 
*P<.05 . 
The analyses demonstrate the significant effects of sires 
and dams and demonstrate that body weight is a highly heritable 
trait. In the pooled analysis of 55-week weight, genotypes 
controlled only 4.4% of the variance which was not statisti­
cally significant. Highly significant yearly effects on body 
weight were a prominent feature of these analyses. The 
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Table 9e. Analy: "s of variance of 5-week body weight for 52 
Year Source ' d.f. M.S. F C omponent Percentage 
1965 
Sires 7 .20485 < 1 -.00186 0 .00 
Dams/sires 28 .25069 1 .32 .00855 4 .47 
Genotypes/dams 65 .18950 1 . 06 .00552 2 .88 
Hens/genotypes 150 .17733 .17733 92 .64 
Total 250 .19141 100 .00 
1966 
Sires 11 .65009 2 .47** .01296 6 .34 
Dams/sires 96 .26251 1 .73** ,03605 17 .63 
Genotypes/dams 97 .15117 < 1 -.00303 0 .00 
Hens/genotypes 126 .15550 .15550 76 .03 
Total 330 .20451 100 .00 
1967 
Sires 22 .32226 1 .06 .00065 .24 
Dams/sires 93 .30170 1 .04 -.00338 0 .00 
Genotypes/dams 55 .28765 1 .30 .05405 19 .66 
Hens/genotypes 91 .22027 .22027 80 .11 
Total 261 .27497 100 .00 
Pooled 
Years 2 4.54630 11 .60** .01459 6 .20 
Sires/years 40 .39187 1 .41 .00498 2 .12 
Dams/sires 217 .27778 1 .40** .02499 10 .62 
Genotypes/dams 217 .19724 1 .09 .01039 4 .41 
Hens/genotypes 367 .18048 .18048 76 .65 
Total 843 .23545 100 .00 
**P<.01 . 
percentage of variance for genotypes was zero at housing 
and at 32 weeks. 
In 1966, juvenile body weight of the 19-21 genotype was 
significantly heavier than the 14-14, 14-21, 14-19, and 13-13 
genotypes. In addition, the 14-14 genotype was inferior to 
all genotypes except the 14-21 and 14-19 genotypes (Table 17c, 
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Table 10a. Egg weights for line SI at two ages 
Age -V Genotype 19 6 5 1966 1967 
32 weeks 1-1 49.11 47.32 
2 - 2  51.75 —  —  — —  50.13 
19-19 52.43 50.11 
2 1 - 2 1  52.20 —  —  —  —  49.82 
Homozygotes 51.69 —  —  — —  49.57 
1 - 2  52.65 » M • 48 .91 
1-19 52.00 —  —  — —  48.20 
1-21 51.35 48.62 
2-19 51.64 — — — — 50.21 
2-21 53.00 — — — — 51.25 
19-21 52.14 — — — — 50.48 
Heterozygotes 52.16 — — — ^ 49.82 
Mean 52.05 —  — —  —  49.74 
55 weeks 1-1 52.00 55.20 5 8 . 5 0  
2 - 2  56.00 58.34 60.74 
19-19 58 .33 58 .00 5 8 . 9 1  
21-21 54.50 58.15 60.84 
Homozygotes 55.55 58.03 60 .06 
1-2 54.78 56.84 5 8 . 8 8  
1-19 ' 57.50 5 6 . 1 7  59,00 
1-21 55.82 55.72 57.61 
2-19 56 .75 59.46 60.83 
2 - 2 1  55.42 58 .57 61.72 
19-21 55.64 5 8 . 1 3  5 9 . 3 8  
Heterozygotes 55.86 57.49 59.95 
Mean 55.84 57.67 59.98 
Appendix). 
4. Egg weight 
Egg weight means for the SI genotypes are given in Table 
10a. The 1-1 homozygotes ranked lowest in 55-week weight in 
four of the five different weigh periods, and were next to 
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Table 10b. Analyses of variance of 32-week eqq weight for SI 
Year Source d.f, M.S. Component Percentage 
1965 
Sires 7 42.906 
Dams/sires 41 17.559 
Genotypes/dams 86 13.379 
Hens/genotypes 142 11.994 
Total 276 
1966 
1967 
Sires 
Dams/sires 
Genotypes/dams 
Hens/genotypes 
Total 
Sires 19 
Dams/sires 93 
Genotypes/dams 97 
Hens/genotypes 141 
Total 350 
Pooled 
2.44* .70128 4.96 
1.31 .71915 5.08 
1.11 .73374 5.19 
11.99465 84.77 
14.14882 100.00 
No data were obtained for 1966 
Years 1 
Sires/years 26 
Dams/sires 134 
Genotypes/dams 183 
Hens/genotypes 283 
Total 627 
59 .484 
18.358 
12.146 
8.869 
824.500 
55.021 
18.114 
12.726 
10.437 
3.24** 2.27618 
1.51* 1.80045 
1.36* 2.25488 
8 .86982 
15.20134 
14.98** 2.43604 
3.03^* 1.62337 
1.42* 1.33121 
1.21 1.38064 
10.43775 
17.20903 
14.97 
11.84 
14.83 
58.35 
100.00 
14.16 
9.43 
7.74 
8.02 
60.65 
100.00 
**P<.01. 
*P<.05. 
lowest in 55-week egg weight for 1967. Of the remaining nine 
genotypes, differences appeared to be inconsistent and random. 
The analyses of variance of egg weights are given in 
Tables 10b and 10c. The results suggest that blood groups may 
have more effect at one stage in the life cycle than another. 
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Table 10c. Analyses of variance of 55-week egg weight for SI 
Year Source d. f . M.S. F Component Percentage 
1965 
Sires 
Dams/sires 
Genotypes/dams 
Hens/genotypes 
Total 
1966 
1967 
Pooled 
7 
32 
31 
_ 3 6  
106 
35.0387 
20.8636 
12.4910 
24.5046 
Sires 
Dams/sires 
Genotypes/daras 
Hens/genotypes 
Total 
11 140,4414 
87 26.8641 
79 15.8246 
86 12.9470 
2 6 3  
Sires 18 
Dams/sires 89 
Genotypes/dams 74 
Hens/genotypes 3JD4 
Total 285 
78.6394 
21.7217 
9.1456 
10.5524 
1.67 
1.67 
< 1 
5 . 2 2 * *  
1 . 6 9 * *  
1.22 
3 . 6 2 * *  
2 . 3 7 * *  
< 1 
.80069 
-1.44076 
-9.16751 
24 .50462 
25.30531 
5.02511 
4.30778 
1.97726 
12.94709 
24.25723 
3.65605 
4.37838 
-1.03324 
10.55240 
18.58687 
3.16 
0 . 0 0  
0 . 0 0  
96.84 
100.00 
20.72 
17.76 
8.15 
53.37 
100.00 
19.67 
23.56 
0 . 0 0  
56.77 
100.00 
Years 2 7 8 0  . 3 3 6 8  8. 7 6 * *  3 .33835 13.50 
Sires/years 36 8 9  .04 54 3 . 7 5 * *  3 .75904 15.20 
Dams/sires 2 0 8  23 .7406 1 . 8 8 * *  3 .94488 15.95 
Genotypes/dams 184 12 .5768 < 1 -.79621 0.00 
Hens/genotypes 2 26 13 .6861 13 .68613 55.35 
Total 656 24 .72839 1 0 0 . 0 0  
**P<.01. 
Thus, genotypic differences seemed to be greater at 32 weeks 
than at 55 weeks. Significant effects (P<.05) were found in 
1967. Small egg size was associated with 1-1 homozygotes and 
the 1-19 heterozygotes (Table 17d, Appendix). In 1965, more 
variance was associated with blood groups than with either 
sires or dams, although this effect was not significant. From 
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Table lia. Egq weights for line S2 at tv/o ages 
Age Genotype 1965 1966 1967 
32 weeks 
55 weeks 
-13-13 54.98 53.48 
14-14 54.38 —  *  — —  55.50 
19-19 55.60 54.45 
21-21 55.38 53.97 
Homozygotes 55,12 53.98 
13-14 55.03 M H *• ••• 53.75 
13-19 56.39 — — — — 52.81 
13-21 55.00 — — — — 53.90 
14-19 55.75 — — — * 52.09 
14-21 55.26 — — " — 54.04 
19-21 55.46 — — — — 54.51 
Heterozygotes 55.50 —  — —  53.59 
Mean 55.42 —  — —  53.71 
13-13 58.00 62.80 61.95 
14-14 0.00 59.50 64,60 
19-19 55.00 61.84 65.07 
21-21 56.00 62.36 61.85 
Homozygotes 56.00 61.78 62.71 
13-14 60.80 60.84 63.88 
13-19 59.92 62.14 60.88 
13-21 55.42 60.67 62.80 
14-19 58 .40 61,21 61.88 
14-21 57.61 59.18 62.22 
19-21 56.68 64 .67 63.83 
Heterozygotes 58.25 61.52 62.82 
Mean 58,16 61.62 62.78 
the pooled data, 32-week egg weights were significant for 
years, sires, and dams while genotypic effects, although con­
trolling approximately the same amount of variance as either 
sires or dams, only approached statistical significance. 
The results seem to be completely different for 55-week 
6 2  
Table lib. Analyses of variance of 32-week egg weight for S2 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 7 16.1728 < 1 -.07923 0.00 
Dams/sires 28 18.1576 1.50 .64169 4.51 
Genotypes/dams 69 12.0975 < 1 -.06706 0.00 
Hens/genotypes 159 13.5973 13.59730 95.49 
Total 263 14.23900 100.00 
1966 
1967 
Sires No data were obtained for 1966 
Dams/sires 
Genotypes/dams 
Hens/genotypes 
Total 
Sires 22 17.4011 1.69* .59010 6.23 
Dams/sires 96 10.2920 1.95** 1.24191 13.12 
Genotypes/dams 56 5.2619 < 1 -1.85956 0.00 
Hens/genotypes 88 7.6372 7.63728 80.65 
Total 262 9.46930 100.00 
Pooled 
Years 1 383 .2802 22 .4 0** 1 .37728 10 .33 
Sires/years 29 17 .1046 1 .41 .30114 2 .26 
Dams/sires 124 12 .0681 1 .33 .18231 1 .37 
Genotypes/dams 125 9 .0351 < 1 -1 .34982 0 .00 
Hens/genotypes 247 11 .4738 11 .47389 86 .05 
Total 526 13 .33464 100 o
 
o
 
**P<.01 
*P<.05 
egg weight with no significant genotypic effects. Moreover, 
from the pooled results no significant effects of genotypes 
could be demonstrated. In contrast, years, sires, and dams 
were all highly significant. If blood groups influenced early 
egg weight, this effect diminished as the birds became older. 
All tests comparing mean egg weights of the homozygotes 
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Table 11c. Analyses of variance of 55-week egg weight for S2 
Year Source d.f. M.S. F Component Percentage 
1955 
Sires 7 
Dams/sires 21 
Genotypes/dams 21 
Hens/genotypes 52 
Total' 101" 
1966 
1967 
Sires 11 
Dams/sires 88 
Genotypes/dams 82 
Hens/genotypes 93 
Total 274 
Sires 22 
Dams/sires 84 
Genotypes/dams 41 
Hens/genotypes 53 
Total 200 
Pooled 
Years 2 
Sires/years 40 
Dams/sires 193 
Genotypes/dams 144 
Hens/genotypes 198 
Total 577 
37.5961 < 1 -.35996 0.00 
38.0074 1.54 3.25031 12.75 
24.6153 1.35 4.06142 15.93 
18.1907 18.19070 71.33 
25.50242 100.00 
73.8294 4.12** 2.37676 14.17 
17.9045 1.33 1.50640 8.98 
13.4038 1.18 1.60355 9.56 
11.2858 11.28584 67.29 
16.77255 100.00 
26.1368 1.52 1.01138 5.92 
17.1498 1.66* 1.30357 7.63 
10.2894 < 1 -3.87599 0.00 
14.7610 14.76100 86.44 
17.07595 loo.00 
733.1443 17.76** 3.81175 17.44 
41.2576 2.08** 1.56012 7.14 
19.7634 1.39* 2.35729 10.79 
14.1520 1.01 .09351 .43 
14.0294 14.02946 64.20 
21.85214 100.00 
**P<.01. 
*P<.05. 
with those of the heterozygotes were non-significant; the homo­
zygotes produced larger eggs in two of the five comparisons. 
Egg weights in S2 were heavier than those in 81 (Table 
11a) but differences between genotypes or between means of 
heterozygotes and homozygotes were not statistically significant. 
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Table 12a. Shank lengths (cm.) for line SI 
B locus genotype 1965 1966 1967 
1-1 7.56 7.71 7.67 
2-2 7.55 7.80 7.80 
19-19 7.56 7 . 8 7  7.78 
21-21 7.61 7.79 7.72 
Homozygotes 7.57 7.79 7.75 
1-2 7.61 7.82 7.75 
1-19 7.60 7.84 7.74 
1-21 7.52 7.76 7.70 
2-19 7.62 7 . 8 7  7.77 
2-21 7.60 7.80 7.85 
19-21 7.66 7.94 7 , 8 1  
Heterozygotes 7.60 7.83 7.78 
Mean 7.59 7.82 7.77 
From the analyses of variance (Tables lib and 11c) no 
effect of genotypes on egg weight was found. In the pooled 
analysis for 32-week egg weights, only years controlled 
significant variance, while at 55 weeks, years, sires, and dams 
all contributed significantly to the variance in egg weight. 
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Table 12b. Analyses of variance of shank length for SI 
Year Source d.f. M.S. Component Percentage 
1965 
Sires 7 
Dams/sires 43 
Genotypes/dams 94 
Hens/genotypes 174 
Total 318 
1966 
1967 
Sires 11 
Dams/sires 93 
Genotypes/dams 129 
Hens/genotypes 241 
Total 474 
Sires 19 
Dams/sires 98 
Genotypes/dams 115 
Hens/genotypes 201 
Total 433 
Pooled 
Years 2 
Sires/years 37 
Dams/sires 234 
Genotypes/dams 338 
Hens/genotypes 616 
Total 1227 
.32870 
.10423 
.09523 
.09677 
1.04513 
.19808 
.08114 
. 0 7 3 8 9  
.23716 
.12492 
. 0 6 9 8 3  
. 0 6 1 9 8  
3.15** 
1.09 
< 1 
5,27** 
2.44** 
1.09 
1.89* 
1.78** 
1.12 
5.24548 10.60** 
.49469 3.29** 
.15019 
.08121 
.07646 
1.84** 
1.06 
. 0 0 5 6 1  
.00124 
-.00075 
.09677 
.10363 
.02069 
.02646 
.00390 
.07389 
.12495 
.00473 
.01481 
. 0 0 4 8 8  
.06198 
.08642 
.01151 
.01090 
.01571 
. 0 0 2 6 0  
.07646 
.11719 
5.42 
1.20 
0 . 0 0  
93 .38 
100.00 
16.56 
21.18 
3.12 
59.13 
100.00 
5.48 
17.14 
5.65 
71.72 
100.00 
9, 
9 
82 
30 
13.40 
2 . 2 2  
65.25 
100 .00 
**P<.01. 
*P<.05. 
5. Shank length 
The shank length means with corresponding analyses of 
variance are given for SI in Table 12. When compared with sire 
and dam variances, the effect of the blood group genotypes was 
negligible for each of the three years. From the pooled 
analysis, years as well as sires and dams were significant 
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Table 13a. Shank length (cm.) for line S2 
B locus genotype 1965 1966 1967 
13-13 7.90 8 . 0 8  8 .06 
14-14 7.77 8.03 7 .91 
19-19 7.76 8.01 7.92 
21-21 7 . 7 4  8 . 1 4  8 . 0 1  
Homozygotes 7.79 8.07 7.99 
13-14 7.84 8.07 7.99 
13-19 7.74 8.08 8.00 
13-21 7.73 8.12 8.00 
14-19 7.63 7.96 7.88 
14-21 7.79 8.05 7.94 
19-21 7.76 8 . 2 3  8.01 
Heterozygotes 7.76 8 .08 7.97 
Mean 7.77 8.08 7.98 
sources of variance. Only about 2% of the variance in shank 
length was associated with blood group genotypes but this was 
non-significant. Although the heterozygotes exceeded the 
homozygotes each year, differences were not significant. 
From the analyses of variance (Table 13b), effects of 
blood group genotypes on shank length in S2 were non-signifi-
cant. Year, sire, and dam effects were all significant 
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Table 13b. Analyses of variance of shank length for S2 
Year Source d. f. M . S .  F Component Percentage 
1965 
Sires 7 .10485 < 1 -.00078 0.00 
Dams/sires 28 .12720 1. 65* .00612 7.61 
Genotypes/dams 72 .07682 1. 05 .00178 2.22 
Hens/genotypes 187 .07253 .07253 90.17 
Total 294 .08044 100.00 
1966 
Sires 11 1.00836 5. 65** .02186 16.46 
Dams/sires 99 .17843 2. 20** . 0 2 3 5 6  17.74 
Genotypes/dams 115 . 0 8 1 0 1  < 1 -.00370 0.00 
Hens/genotypes 216 .08740 .08740 65.80 
Total 441 .13283 100.00 
1967 
Sires 2 2  .24021 2. 87** .01135 14.62 
Dams/sires 103 . 0 8 3 6 1  1. 69* .01220 15.71 
Genotypes/dams 67 .04919 < 1 -.00368 0.00 
Hens/genotypes 120 .05409 .05409 69.66 
Total 312 .07765 100.00 
Pooled 
Years 2 8.67887 20. 28** .02362 1 8 . 9 0  
Sires/years 40 .42776 3. 29** .01206 9.65 
Dams/sires 230 .12973 1. 81** .01487 11.90 
Genotypes/dams 254 .07143 < 1 -.00165 0.00 
Hens/genotypes 523 . ,07444 .07444 __59..55 
Total L049 .12501 100.00 
**P<.01. 
*P<.05 . 
sources of variance on a pooled basis while genotypic effects 
were not. 
6. Fertility and hatchability 
Means for the reproductive traits, fertility and hatch-
ability, are given for SI in Table 14 together with corres­
ponding analyses of variance. Yearly means differed widely " 
Table 14a. Percent fertility and percent hatchability of fertile eggs for line S1 
B locus genotype 3^ % hatchability 1965 1966 1967 
1-1 
2 - 2  
19-19 
21-21 
Homozygotes 
1-2 
1-19 
1-21 
2-19 
2-21 
19-21 
Hétérozygotes 
Mean 
80.5 68.4 85.6 
73.6 74.4 90,9 
80.1 64.0 92.1 
77.5 65.9 91.6 
77.9 68.1 90.0 
70.2 80.8 , 90.9 
81.3 63.4 88.6 
70.7 52.7 84.3 
82.0 72.1 94,2 
76.2 76,9 89,9 
80,0 62.1 90.4 
76.8 68.0 89.7 
77.2  6 8 . 0  8 p , 8  
83.3 93.8 91.6 
91.8 94.0 90.6 
79.8 88.5 94.3 
89.1 86.2 88.9 
86.0 90.6 91.3 
88.6 91.0 89.6 
80.7 93.3 79.2 
83.4 89.8 94.2 
88,4 93,5 88.6 
81.8 91.7 82.4 
77.2 95.6 89.9 
83.3 92.4 87.3 
84.4 91.7 88.9 
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Table 14b. Analyses of variance of fertility for SI 
Year Source d. f. M.S. F Component Percentage 
1965 
Sires 7 2 . 4 4 5 8  2 .44* .00309 1 .49 
Dams/sires 33 .9996 1 . 0 2  -.01539 0 . 0 0  
Genotypes/dams 4 9 . 9750 < 1 - . 0 2 7 2 7  0 .00 
Hens/genotypes 4 5 1.4184 14 . 0 8 * *  .10329 49 . 8 8  
Eggs/hens 1748 .1007 .10070 48 .63 
Total 1 8 8 7  .20709 100 .00 
1966 
Sires 11 2 .5567 2.37* .01019 4.57 
Dams/sires 60 1 .07474 1.66* .00619 2.77 
Genotypes/dams 45 . 6 4 6 3  < 1 - . 0 1 8 9 8  0 .00 
Hens/genotypes 27 . 8 8 9 4  6 . 4 2 * *  . 0 6 8 5 0  30.68 
Eggs/hens 1499 .1384 .13841 6 1 . 9 9  
Total 1642 .22330 100.00 
1967 
Sires 19 .1102 < 1 -.00226 0.00 
Dams/sires 6 8  .2588 < 1 -.00151 0 .00 
Genotypes/dams 27 .2599 1.32 ,00513 5.33 
Hens/genotypes 2 9  .1957 2 . 4 0 * *  .00958 9.96 
Eggs/hens 1 6 8 0  .0815 .08156 8 4 . 7 1  
Total 1823 . 0 9 6 2 8  100.00 
Pooled 
Years 2 19 . 6 9 2 7  3r5.39j^* .01027 5.53 
Sires/years 37 1 . 2 7 9 4  1.76** .00169 0.91 
Dams/sires 166 .7233 1.04 - . 0 1 0 6 2  0.00 
Genotypes/dams 121 . 6 9 3 2  < 1 -.01520 0.00 
Hens/genotypes 101 .9259 8 . 7 6 * *  .06816 36.69 
Eggs/hens ; 4 9 2 7  .1056 .10565 56.87 
Total 5354 .18578 100.00 
**P< .01. 
*P< ,05. 
for fertility but less for percent hatchability of fertile 
eggs. The homozygotes were slightly higher in fertility each 
year than heterozygotes although not significantly so. 
Fertility was not associated with genotypes in any year or in 
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Table 14c. Analyses of variance of hatchability for SI 
Year Source d.f. M . S .  F Component Percentage 
1965 
Sires 7 .58092 < 1 -.00087 0.00 
Dams/sires 35 .63802 1.74 .00672 5.15 
Genotypes/dams 41 . 3 6 6 6 6  < 1 -.00162 0.00 
Hens/genotypes 33 . 3 8 8 2 0  3.92** .02492 19.09 
Eggs/hens 1321 .09894 .09894 75.76 
Total 1437 .13060 100.00 
1966 
Sires 11 .48841 2.07* .00177"^ 2 . 1 6  
Dams/sires 56 .23578 < 1 -.00379 0.00 
Genotypes/dams 39 .25121 < 1 -.00297 0.00 
Hens/genotypes 23 . 2 7 4 6 3  5.16** .02720 33.10 
Eggs/hens 999 .05319 . 0 5 3 1 9  64 .74 
Total 1128 .08217 100.00 
1967 
Sires 19 .24004 < 1 -.00065 0.00 
Dams/sires 6 6  .26687 1.77 .00297 2.95 
Genotypes/dams 23 .15047 < 1 -.00451 0.00 
Hens/genotypes 2 6  .21046 2.41** .01055 10.49 
Eggs/hens 1500 .08708 .08708 86.55 
Total 1634 .10061 100.00 
Pooled 
Years 2 1.46181 3.86* .00076 0.73 
Sires/years 37 .37837 1.11 .00006 0.06 
Dams/sires 157 .33852 1.23 .00142 1.36 
Genotypes/dams 103 .27467 < 1 -.00173 0.00 
Hens/genotypes 8 2  .29999 3 .64** .02042 19.45 
Eggs/hens 3 8 2 0  .08232 .08232 78.40 
Total 4201 .10500 100.00 
**P<.01. 
*P<.05. 
the pooled data. Nearly all variance was associated with dif­
ferences between and within hens of the same genotype. The 
percent hatchability of fertiles showed similar results with 
non-significant genotypic effects. 
Table 15a, Percent fertility and percent hatch of fertile eggs for line S2 
B locus genotype % fertility % hatchability 1965 1966 1967 1965 1966 1967 
1 13-13 81.9 60.6 86.0 72.6 84 .9 71.6 
14-14 64 .5 59.5 89.3 67.5 76.2 80.0 
19-19 81.0 70.3 90.9 74.9 76.0 79.3 
21-21 87 .3 60.2 84 .9 57.7 70.9 74.8 
Homozygotes 78.6 62 .6 87.7 68.1 77.0 76.4 
13-14 60.2 58.7 89 .6 79.6 85.2 81.8 
13-19 75.5 59.7 89.1 74 .5 50 .6 71.2 
13-21 79.2 60.2 88.0 73.0 70.0 70.4 
14-19 88,5 61.3 86.1 68.7 78.3 86.1 
14-21 80.2 62.2 75.3 74.3 76.4 68 .9 
19 21 78.7 80.0 81.7 72.5 74.2 77.6 
Heterozygotes 77.0 63.6 84 .9 73.7 72.4 76.0 
Mean 77.7 63.2 86.0 71.5 74.2 76.1 
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Table 15b. Analyses of variance of fertility for S2 
Year Source d. f. M.S. Component Percentage 
1965 
Sires 7 . 3 8 4 8 7  , < 1 -.00482 0 .00 
Dams/sires 26 1 ,30418 < 1 -.00307 0 .00 
Genotypes/dams 44 1 .32230 1.12 -.00395 0 .00 
Hens/genotypes 65 1 .18012 12.19** .08864 47 .81 
Eggs/hens 1840 .09675 .09675 52 .19 
Total 1982 
• 
.18539 100 .00 
1966 
Sires 11 2 .86017 3.32** .01164 4 .63 
Dams/sires 6 8  .86106 1.11 -.01345 0 .00 
Genotypes/dams 33 .77189 < 1 -.02526 0 .00 
Hens/genotypes 31 . 1 .07098 6.74** .08115 32 .27 
Eggs/hens 1571 .15872 .15872 63 .11 
Total 1714 .25151 100 o
 
o
 
1967 
Sires 2 2  .76553 2,62** .00470 3 .71 
Dams/sires 72 .29119 < '1 -.00396 0 .00 
Genotypes/dams 2 6  .36950 1.14 .00108 0 .86 
Hens/genotypes 2 3  .32239 3.17** .01971 15 .52 
Eggs/hens 1667 .10153 .10153 79 .92 
Total 1810 .12705 100 o
 
o
 
Pooled 
Years 2 21 .97455 17.23** .01124 5 .53 
Sires/years 40 1 .27494 1.86** .00092 0 .45 
Dams/sires 166 .68329 < 1 -.01505 0 .00 
Genotypes/dams 103 .90544 < 1 -.01119 0 .00 
Hens/genotypes 119 .98591 8.39** .07378 36 .27 
Eggs/hens 5078 .11749 .11749 57 .75 
Total 5508 .20345 100 .00 
**P<.01. 
Fertility was slightly inferior and hatchability markedly 
inferior in line S2 compared with line 81 (Table 15a) . No 
significant differences between homozygote and heterozygote 
performance could be detected. As in 81 wide differences in 
yearly means for fertility were noted. The yearly trend in 
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Table 15c. Analyses of variance of hatchability for S2 
Year Source d.f. M . S .  F Component Percentage 
1965 
Sires 7 .49447 < 1 -.00080 0.00 
Dams/sires 26 .59486 1.29 . 0 0 3 0 4  1.49 
Genotypes/dams 3 8  .45961 1.25 .00314 1.54 
Hens/genotypes 47 .36501 2.00** .01577 7.73 
Eggs/hens 1411 .18207 .18207 89.23 
Total 1529 .20404 100.00 
1966 
Sires 11 .79672 1.63 .00262 1.35 
Dams/sires 6 2  .48625 1.14 -.00215 0.00 
Genotypes/dams 31 .42373 < 1 -.00614 0.00 
Hens/genotypes 25 .45792 3.04** .04183 21.47 
Eggs/hens 957 .15035 .15035 77.18 
Total 1086 .19481 100.00 
1967 
Sires 22 .41106 < 1 -.00114 0.00 
Dams/sires 67 .45187 1 . 5 8  .00483 2 . 5 8  
Genotypes/dams 24 .28441 < 1 -.00715 0.00 
Hens/genotypes 19 .35511 2.15** .01796 9.57 
Eggs/hens 1416 .16481 .16481 87.85 
Total 1 5 4 8  .18761 100.00 
Pooled 
Years 2 . 5 8 5 4 8  1.10 -.00000 0.00 
Sires/years 40 .53171 1 . 0 8  -.00013 0.00 
Dams/sires 155 .48961 1.21 .00452 2.33 
Genotypes/dams 93 . 4 0 2 4 4  1.03 —. 00047 0.00 
Hens/genotypes 91 . 3 8 8 4 7  2.31** .02160 11.15 
Eggs/hens 3784 .16759 .16759 86.51 
Total 4165 .19372 100.00 
**P<.01. 
hatchability seemed to gradually increase. 
From the analyses of variance of these traits (Tables 15b 
and 15c), blood group genotypes were not statistically signifi­
cant. The percentage variance associated with genotypes was 
estimated to be zero for both fertility and hatchability. 
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C. Comparisons Involving 
Because of the evidently inferior performance of the B^ 
allele when in homozygous condition, three comparisons within 
full sib groups were performed. These were, 
1. Genotype 1-1 versus all other genotypes. 
2. Genotype 1-1 versus B^ heterozygotes. 
1 3. B heterozygotes versus all other genotypes. 
The analyses of variance of mortality for comparison 1 
were highly significant each year as well as on the pooled 
data (Tables 18a-18i, Appendix) , The higher mortality of the 
1-1 genotype is a consistent feature of the results. The 
percentage of variance due to this difference is nearly equal 
to individual variance between hens of the same class 
(47.49% to 51.81%), No significant effect of sires or dams 
was demonstrable in the pooled analysis. The effect of the 
1-1 genotype was not a significant source of variance for any 
other trait in the pooled analyses. However, significant 
effects (P<.05) were observed for housing body weight (1966), 
55-week body weight (1967) , 55-week egg weight (1966), and 
total egg production (19 65). 
Of those analyses involving comparison 2, only mortality 
attained significance (Tables 19a-19i, Appendix). The effect 
was highly significant in the pooled data and represented 
35% of the total variance. Mortality effects were significant 
in 1966 and 1967 (P<.05) but were not in 1965. 
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If the effects in the previous comparisons were due to 
in a homozygous condition, comparison 3 (Tables 20a-20i, 
Appendix) for heterozygotes versus all other genotypes. 
f 
would be expected to be non-significant. This is shown to be 
the case for the pooled analyses on each trait. Yearly ef­
fects were non-significant with the exception of juvenile 
body weight in 1966 (P<.05). 
D. Line Effect on the Homozygote 
Versus Heterozygote Comparison 
The mean squares for comparing the performance of geno­
types common to SI and S2 are given in Table 16 (Appendix). 
Comparisons were made only between full sibs involving 19-21 
heterozygotes and 19-19 or 21-21 homozygotes. From analyses 
of variance the mean squares due to homozygotes versus hetero­
zygotes were compared in SI and S2 for each trait. Restrict­
ing these analyses to a, full sib basis markedly reduced the 
degrees of freedom available for comparisons. 
F values obtained for the same trait indicated that the 
homozygote versus heterozygote difference in one line was not 
the same as in the second line. In 1966, only the egg produc­
tion mean squares between lines differed significantly. In 
1967, mortality, juvenile body weight, 32-week body weight, 
32-week egg weight, and 55-week body weight mean squares were 
significantly different between lines. On the pooled data, 
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body weights at 8, 32, and 55 weeks were significant as were 
32-week egg weights and egg production. Evidently, the 
difference between homozygotes versus heterozygotes was 
dependent upon line effects. This is a form of genotypic 
interaction. 
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V. DISCUSSION 
A. The Current Situation of Blood 
Groups and Performance 
Considerable skepticism relating blood groups to per­
formance in poultry still exists. The early studies seem to 
have lacked appropriate experimental designs and adequate 
statistical analyses. Many of these, based on inbred lines 
or inbred line crosses, presented only group means from 
small populations, or the size of the experimental popula­
tions was not indicated. The possible confounding of family 
effects with observed blood group differences has frequently 
been ignored. For these reasons, the validity of reports 
such as C. Briles, 1956,1967; Briles, 1954, 1956a, 1956b, 
1957; Briles and Krueger, 1955; Briles et 1953; and 
Krueger ^  , 1956 remains, open to question. Nevertheless, 
more extensive recent experiments lend greater credence to 
the contention that certain blood group genes have adaptive 
value (Briles and Allen, 1961; Allen, 1962; Allen and Gilmour, 
1962; Morton et al., 1965; Okada et a2., 1966). 
The experiment reported here also shows that blood 
group genes, or closely linked fitness genes, significantly 
affect performance. B locus blood group genotypes were 
significant sources of variance for egg production and 
mortality in the SI line and for juvenile body weight in 
line S2. However, these effects appeared to be primarily 
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associated with the inferior performance of a single homozy­
gous genotype in each line. 
Findings from this study substantiate literature reports 
of adaptive value of B locus blood group genes or others 
linked to them. The B locus has been reported to influence 
viability, egg production, and body weight (Allen, 1962; 
Briles, 1954, 1956b; Briles and Allen, 1961; Hansen et al., 
19 67; Krueger et al., 1956; Okada et.al., 1966; C. Briles, 
1956; Briles, 1957). Effects were attributed variously to 
heterozygote superiority, homozygote inferiority, and to the 
superiority of a particular allele in certain cross bred 
populations. Neither Allen (1962) nor this study found any 
relationship of the B locus to egg weight. 
Some results of this study do not substantiate 
published reports. The hatchability data, analyzed by blood 
group genotypes of dams, showed no B locus effect. Maternal 
and progeny blood type effects were confounded in these 
analyses. In contrast, reports in the literature indicate 
that hatchability is influenced by the B locus (Briles, 
1955a; Briles and Krueger, 1955; Allen, 1962; Morton et al., 
19 65). The most detailed study of hatchability (Morton 
et al., 1965) suggested that B locus differences were due to 
the genotype of the developing embryo and not of the dam. 
In this study fertility differences, also analyzed by dam's 
genotype, could not be attributed to the B locus. Allen 
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(1962) found significantly better fertility for cross 
females having one of two "good" B alleles. 
B. Interpretation of Possible 
Blood Group Effects 
1. Genetic interpretation relating blood groups to perfor­
mance 
Differences in performance of blood group genotypes 
may be due to direct effects of the blood group alleles. 
These alleles would be pleiotropic, thereby influencing 
the expression of some physiological character in addition 
to the antigens on the red cells. Data showing definite 
associations between blood group alleles and other characters 
is limited in many species, but in man and chickens, blood 
group genes may not be selectively neutral (Stone and Irwin, 
1963). To obtain significant data of this kind would re­
quire large samples of animals or adequately designed ex­
periments . 
Variable performance of blood group genotypes could also 
be due to genetic linkages between blood group genes and 
fitness genes. If a population originated from a recent 
cross or if the genetic contributions of certain individuals 
or families to the population were disproportionate, linkage 
disequilibrium could bias the interpretation and lead to 
erroneous conclusions concerning the adaptive value of blood 
group genes. For blood group genes to reach linkage 
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equilibrium would probably require several generations of 
random mating among the individuals of a population, and 
even then, if the linkages were extremely tight, the apparent 
effects of the blood group locus could still be due to 
linkage. Linkage, if it existed in this study, seemed to be 
of secondary importance. 
Interactions between genotypes and different environ­
ments could partially explain differences in blood group 
effects. If, for example, a blood group allele was associated 
with susceptibility to a particular respiratory disease, 
this effect would only be manifested in the presence of 
that disease-.- The relative genotypic rankings in environments 
where the disease was present could be quite different from 
the rankings of these same genotypes in an environment 
lacking this disease. The possibiltiy that such interactions 
exist in biological experiments warrants more consideration 
than has been given in previous blood group reports. 
"Coadaptation" (Dobzhansky, 1951) or epistatic effects 
could be responsible for the variable performance of different 
blood groups. In the inbreeding process, the selection 
pressures on one locus are probably dependent upon the 
alleles present at other loci. Natural selection would then 
tend to increase the frequency of those B locus genes showing 
most favorable interactions with the genome most characteris­
tic of the population. The performance of blood group 
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alleles evolved in this manner could be quite different from 
the performance of the same alleles in different genetic 
backgrounds. 
2. Experimental aspects of blood group testing and perfor­
mance 
Unplanned experiments would generally be expected to 
yield low efficiency data for testing significance of blood 
group gene effects. The testing of outbred populations con­
taining many genes poses several problems of interpretation. 
Unequal subclass numbers frequently prevent satisfactory 
statistical treatment of the results. The number of alleles 
present at any one locus would be difficult to determine. 
There is also the problem of obtaining useful reagents for 
testing outbred populations (Fanguy et , 1961). Relative­
ly large numbers of reference'reagents are needed to dis­
tinguish between the various heterozygotes. Large families 
are required and frequently the parents must be available 
for typing to determine the significance of various reactions. 
Inbred populations, frequently used to study blood 
group effects, have certain features which are desirable and 
others which are undesirable. Reagent specificity is great­
er and the number of segregating alleles would be reduced, 
making studies on smaller numbers of birds more feasible. 
Fewer reagents would be needed to determine the alleles 
present in inbreds because cross reactions would be less 
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complex. 
The shortcomings associated with inbred populations may 
also pose problems. Inbred populations are usually main­
tained in small numbers. Random drift and linkage dis­
equilibrium might be considerable. The blood group genes 
in an inbred population are only a sample of those in the 
species and may be biased by chance fixation at certain 
loci. The low reproductive performance of inbreds would 
make it difficult to obtain satisfactory numbers of geno­
types and as a consequence, such populations are usually 
expensive to maintain. 
Experiments utilizing inbred line crosses should side 
step many of the problems encountered with inbred populations. 
Crosses of inbred lines have the advantages of inbreds re­
garding cross reactions and reagent production. At the same 
time, they are free of the poor reproductive performance 
associated with inbreds making it much easier to maintain 
large numbers of birds. A sample of genes can be arbi­
trarily chosen for study in a cross population. These can 
be restricted to include only those genes or loci which seem 
to be most important in performance. The sample of alleles 
should be characteristic of commercial type chickens when 
the population for study is derived from commercial inbred 
crosses. Any biases in choosing these samples is an in­
herent disadvantage which may or may not be serious in planned 
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experiments of this nature. 
Planned experiments should yield relatively high 
efficiency data for testing genotypic effects. A mating . 
plan based only on the blood group genotypes can be pre­
arranged to provide approximately equal numi^ers of pro­
geny for each genotype and for the homozygous and hetero­
zygous classes. By comparing differences in blood group 
effects in the same interbreeding population over several 
generations, more accurate estimates of the true effects 
can be obtained; recombination provides many different 
genotypes on which the performance of the alleles under 
study can be observed. 
Planned experiments also permit study of interaction 
effects of blood group genotypes. From controlled matings, 
a wide array of genotypes can be produced. Thus, over-
dominant effects of two alleles in the same heterozygote 
can be studied. Any single allele of special interest can 
be combined with other alleles to study various interactions. 
The performance of two identical blood group genotypes can 
be compared in different genetic backgrounds. All of these 
possibilities can be combined in the same experiment if the 
experimenter wishes. 
The confounding of sire and dam effects with blood group 
effects can be effectively eliminated by pre-arranged experi­
mental designs and appropriate statistical analyses. The 
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problem of unequal subclass numbers can be side stepped 
by restricting comparisons to members of the same family. 
By using males heterozygous at a particular locus, segre­
gating progeny from the same sire and dam can be compared 
in the absence of family effects. On the other hand, 
restricting comparisons within full sib groups ignores 
possibly important genetic differences in blood group geno­
types between full sibs. In any case, the exploitation 
of the results by valid statistical methods ig of paramount 
importance. 
3. Nature of sampling errors 
The purpose of adequate experimental design is to in­
sure an appropriate estimate of the real errors involved. 
The size of the sampling error is, generally, inversely 
proportional to the square root of the size of the experi­
mental sample. Thus, precision increases with, replication. 
Practical considerations often limit the size of most ex­
periments. Therefore, other aspects bearing on the control 
of sampling error must be considered. 
Inadequate size of a breeding population may lead to 
possible confounding of blood group effects with sires and 
dams. This disproportionate contribution of animals to the 
experiment by a few individuals could bias the entire 
experiment. This possibility would be greatest if the 
parents were not typical of the average of the population. 
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Full sibs differing in blood group genotypes would be 
expected to perform similarly when subjected to the same 
environments except for possible effects due to blood 
groups. Differences between full-sibs of the same geno­
type would be free of sire and dam effects and would provide 
valid error estimates for testing significance of genotypes 
within full sib groups. 
Genotype x environment interactions may contribute to 
sampling errors. Specific differences in environment may 
have greater effects on some genotypes than on others; this 
changes the relative performance of genotypes under different 
environments. If such interactions are important and cannot 
be isolated by the experimental design, the supposed effects 
of blood type may be invalid. An adequate design would 
provide for an estimate of the importance of these inter­
actions , either by testing over several locations or in 
several different years. 
C. Interpretation of 
Experimental Results 
1. Consistently high mortality of the B^/B^ homozygote 
The high mortality of the 1-1 genotvpe seems to be 
associated with the homozygous combination of these two 
alleles. Mortality of this genotype was approximately twice 
that of any other genotype in line SI each year: Un-
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fortunately, birds were not examined routinely to determine 
the specific causes of death during much of this experiment. 
A partial mortality picture was obtained only in 1967 which 
was the test year with the lowest mortality. Since only 
a few birds from line SI were posted, the exact cause of 
mortality of the B^/B^ genotype is still unknown. 
The B^ gene, as it influences mortality and egg 
production, seems to be recessive. That is, the gene in 
combination with any other B allele "cured" the deleterious 
effects associated with the homozygote. Certain blood group 
2 21 
alleles, e.g. B and B , seemed to do this more effectively 
19 2 21 than B , while B and B seemed to be completely dominant 
to B^: the performance of the heterozygotes was similar to 
the corresponding homozygotes each year. The 1-19 hetero-
19 
zygote, in general, approached the performance of B homo­
zygotes although there was some indication of additive 
effects. 
Although the mortality of B^ homozygotes was much lower 
in 1967, this cannot be properly interpreted as a consequence 
of linkage disequilibrium between B^ and fitness genes. The 
lower mortality seems to be a yearly effect since all geno­
types in SI in 1967 had lower mortality. Had a gradual 
decline in mortality of the B^ homozygote been observed in 
each successive year, linkage disequilibrium'might then be 
the explanation. The question of linkage can only be 
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answered by continuing the experiment through several more 
generations. 
The possibility that the decreased egg production of, 
the homozygotes was a secondary effect of mortality could 
not be clearly substantiated from the data. No significant 
effect on mortality but considerable variance in egg produc­
tion was associated with blood group genotypes in 1955. 
These effects were reversed in 1965. Genotypic differences 
seemed to control variance for both mortality and egg 
production in 1967. Apparent secondary effects on egg 
production were most marked in 1965 and 1957, while in 1956, 
the effect on egg production seemed relatively independent 
of mortality. 
2. Heterozygote advantage 
The results of this study are not in agreement with 
published reports on heterozygote B locus superiority. 
Superiority of B locus heterozygotes has been reported for 
mortality (Briles, 1956a; Briles and Allen, 1961), egg 
production (Briles, 1954, 1956a, 1956b), growth rate (Briles, 
1954; Briles et al., 1953), and hatchability (Briles, 1954, 
1956a; Briles and Krueger, 1955; Morton et , 1965). 
In this study mortality and egg production differences 
in line SI were largely due to inferiority of the 1-1 homo­
zygote and not to heterozygote superiority. Heterozygotes 
containing B^ were similar in performance to the better 
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homozygote. In the S2 line, the homozygotes performed 
generally better than the heterozygotes considering all 
traits collectively. The experiment, as a whole, failed to 
demonstrate a selective advantage due to B locus heterozy­
gosity. 
3. Genotype x environment interaction and coadaptation 
Interactions between genotypes and environment were 
exhibited in line S2 but were much less noticeable in line 
SI. These effects were most noticeable for mortality and 
egg production of the 13-13 and 14-14 genotypes. The 
13-13 homozygote performed favorably in 1965 and 1967, but 
very poorly in 1966. Exactly opposite performance was 
characteristic of the 14-14 pullets. The performance of 
the 21-21 pullets for each trait was relatively constant 
each year. The performance of the 1-1, 2-2, and 1-2 geno­
types in line SI was very consistent each year. The 1-1 
homozygote was much inferior to the other two genotypes. 
The 2-2 and 1-2 genotypes were, in turn, similar to each 
other. This suggests that accurate appraisal of genotypic 
performance in some cases can be obtained only by testing 
in several locations and possibly only in several years. 
The literature on interactions of blood group genotypes 
with environment in poultry is limited. Briles and Allen 
(1961) reported that B locus heterozygotes in various lines 
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were strongly influenced by environmental conditions but 
only those homozygotes displaying low livability were 
affected by variable environments. From results of this 
study it appears that interactions may be important. Yet 
it must be recognized that the apparent interactions may 
only be expressions of sampling error. 
The true nature of blood group genotype x year inter­
actions is difficult to determine. The separate elements 
of environment cannot be isolated and controlled at the 
time of the measurement. The physiological mechanisms 
operating on the same trait in two different environments 
are to some extent variable. Because of the inability to 
identify the separate factors responsible for altering 
these physiological mechanisms, it is very difficult to 
determine the causes of these interactions. 
19 21 The genotypes involving B and B common to both 
lines SI and S2 make possible some evaluation of the impor­
tance of coadaptation between blood group genes and the 
partial genomes peculiar to the SI and S2 genotypes. These 
genotypes gave somewhat different performance in the two 
lines. This indicates either that the B^^ and B^^ alleles 
have no effects on performance in these populations or that 
their interactions with the genomes in one line are much 
different than in the other. Perhaps some of the variable 
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genotypic performance is due to line effects and not due 
to the blood groups. However, the variable mortality of 
the 19-19 genotype in each line suggests some interaction 
between this allele and the SI and S2 genomes. 
D. Practical Application 
Blood group information could aid a practical breeding 
program in several ways. Many diverse lines must be main­
tained by a breeder producing inbred hybrids or crosses. 
Blood typing provides a simple and direct means for detecting 
pedigree errors in the various lines. Perhaps this aspect 
alone could justify a blood typing program. On the other 
hand, information from blood groups, which permits culling 
at an early age of those genotypes known to perform poorly 
as adults, would improve the efficiency of the breeding 
program. The predictive breeding value obtained from blood 
group information combined with progeny testing would reduce 
breeding costs by reducing numbers of birds grown to 
maturity and by decreasing the average generation interval. 
While blood typing is not likely to replace the more con­
ventional methods of selection, it could augment these 
methods and lead to increased response in the overall merit 
of a population. 
Results from this study can be used to estimate the 
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value of blood typing as an aid to selection for egg 
production. This is a form of indirect selection, i.e., 
selection based upon an alternative trait other than the 
one for which improvement is desired. The merits of in­
direct selection have been discussed in general terms by 
Falconer (1960) and Searle (1965). Neimann-Sorensen and 
Robertson (1961) have considered indirect selection based 
upon blood groups as a means of improving productivity of 
dairy cattle. The current problem is based upon the ideas 
presented in these reports. 
Instead of selecting an individual on the basis of 
its own phenotype, a linear combination of two or more 
traits could form the basis for selection. Hazel (1943) 
has shown that if two traits determine the economic value 
of an individual, most rapid improvement results from 
selecting simultaneously on each. Appropriate weight must 
be given to each character relative to its economic value, 
its heritability, and the phenotypic and genetic correla­
tions between the characters. A linear index combining blood 
group information and individual performance would then be 
I = b^X + bgY 
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where 
I = the score or index of an individual 
X = information from the blood groups 
Y = an individual egg production record 
b^= the relative weight given to each character 
Selection of an individual is then based upon the resulting 
score as if it were a single character. This is indirect 
selection; its goal is the improvement in egg production. 
For simplicity, we are concerned only with individual 
selection.. It is assumed that the proportion of birds 
selected on the index would be the same as that if selections 
were directly on egg production. In addition, we use 
the following definitions modified from Falconer (1960). 
2 
a p = total phenotypic variance for egg production 
2 
• a ^ = total additive genetic variance for egg production, 
i.e., variance of breeding value 
2 h = - heritability of egg production 
° P 
Rp^ = h = correlation between phenotype and genotype 
I = the linear index 
Ry. = the correlation of the index with the breeding 
value 
RSE{I,P,A) = relative selection efficiency (Searle, 
19 65) - the rate of improvement in breeding 
value A when selecting on I relative to 
that when selecting on the individual 
phenotype, P, i.e., 
R^, R^, 
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2 
a g = the variance controlled by the blood group geno­
types 
h B = —^ = the proportion of the total variance con-
a p trolled by the blood group genotypes, 
(Neimann-Sorensen and Robertson, 1961) 
The full sib method was used to determine the heritability 
2 (h ) of individual egg production records from the pooled 
analysis of variance for line Si by dividing twice the sum 
of the sire and dam components of variance by the total 
variance. From the heritability estimate of 0.2128, the 
2 
component for the additive genetic variance (a was 
0.00939. The proportion of the total variance due to the 
2 blood groups (h g) was 0.0994. Therefore, about 46 percent 
of the additive genetic variance in egg production was esti­
mated to be associated with blood group genes. 
The values of b^ and b^ in the index I = b^X + bgY 
were given by Neimann-Sorensen and Robertson (1961) as 
1 - h^ h^ - h^ 
1  , 2  =— , respectively, and the 
B 1 - h g 
correlation between the index and the breeding value was 
given as , _ _ „ 
2 2 Substituting the values of h and h „ into this formula 
provided an estimate of R^^=0.7318. Therefore the 
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RSE(I,P,A) = = 1.586 
This means that selection based upon the index containing, 
blood group information should improve the additive genetic 
merit for egg production 58 percent faster than would direct 
selection based solely on individual phenotypic records. 
Compared to family selection the apparent advantage of 
blood typing would be less. We would need to correct for 
the relative gain from family selection. 
1 + (N - l)/2 (Lerner, 1958) , 
[1 + (N - 1) h^/2] 
where N = number of full sibs per family. With M = 6, the 
family correction is 1.154 and the RSE = =1.37. -
Thus, blood typing would still seem to be worthwhile even 
though selections might be based on family averages. 
The increased information obtained from blood typing 
must be weighed against the costs of such a program. If 
the relative cost per unit is equal to or less than the 
costs of other methods of selection, blood typing should 
probably be continued. If equal genetic progress could be 
achieved more efficiently under some alternative scheme, e.g., 
progeny testing or family selection, blood typing would not 
seem worthwhile. Also it is entirely possible that blood 
typing might prove useful in the early part of a selection 
program but not later on. This would be true if the genetic 
variance associated with blood groups is due to only a few 
genes which become fixed with selection. 
The egg production data for line SI indicated that the 
gene in homozygous condition is largely responsible for 
the portion of the additive genetic variance controlled by 
the blood groups. Therefore, index selection of breeders 
would discriminate strongly against this homozygote. This 
effect is much less marked in the heterozygote and the 
index should be much less discriminatory towards these 
genotypes. With little effort on the part of the breeder, 
heterozygotes could be included in the mating scheme 
with no marked loss of egg production by choosing mates 
1 1 
such that B /B homozygotes would not be produced. This 
would permit more rapid genetic gain than was indicated by 
the relative selection efficiency. 
In evaluating this experiment, one further comment 
seems appropriate. The populations studied were synthetic 
ones, chosen to provide a variable array of blood alleles. 
The gene, which consistently showed poor performance, 
was included because of previous reports of its inferiority. 
Therefore, one deleterious allele out of six studied may 
represent a higher frequency of inferior alleles than is 
characteristic of most natural populations. Further research 
is needed to determine how frequent these deleterious alleles 
may be. 
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VI. SUMMARY 
This experiment was designed to compare the performance 
of different B locus blood group genotypes in White Leghorns. 
Two synthetic lines, SI and 82, were produced from crosses 
between each of two inbred lines with a third inbred line. 
Each S line segregated for four B locus alleles. Two 
alleles in each line were identical by descent. Breeders 
were selected on B locus genotypes and mated in a circular 
scheme to avoid inbreeding. All sires were B heterozygotes; 
the dams were half heterozygotes and half homozygotes. 
Laying house performance records in line SI for 1965, 
1966, and 1967 were obtained on 1149 pullets produced from 
40 sires and 273 dams. The 43 sires and 272 dams in line 
S2 produced 986 pullets for study. Individual performance 
data on each bird included mortality and egg production 
from about 150 to 475 days of age, body weights at four 
ages, egg weights at two ages, and shank length. Fertility 
and hatchability data were obtained on the breeders. 
Approximately 950 SI records and 825 S2 records were obtained 
from birds housed in cages. The remaining records in each 
line came from birds in floor pens in 1965. 
The results showed that B locus genotypes can signifi­
cantly affect performance. In the SI line, consistently 
poor performance of the B^/B^ homozygote was observed for 
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egg production and mortality. A statistically significant 
effect of blood groups on egg production was demonstrated 
from the data pooled over years. Less consistent but 
still noticeable was the inferiority in body and egg 
weights of this genotype. Shank length, fertility, and 
hatchability seemed not to be influenced by blood groups. 
Rankings of genotypes were inconsistent for all traits 
in line S2 except^for 8-week body weight where significant 
differences in genotypes in the pooled data were largely 
associated with the smaller size of the homozygote. 
Comparisons between the mean values of homozygotes and 
heterozygotes were variable between lines. Statistically 
significant higher mortality of homozygotes in 1965 and 
1966 was observed in line SI while the rate of lay of homo­
zygotes was significantly greater than the heterozygotes in 
line S2 in 1966 and 1967. 
Comparisons within full sibs showed significantly higher 
mortality was associated with the B^/B^ genotype. The higher 
mortality associated with the B^ allele was evident only 
in the homozygote; any other B allele seemed to cure the 
deleterious effect associated with this allele. In this 
case, the B^ allele seemed to be recessive to the other B 
alleles. 
Comparisons between genotypes common to both lines were 
dependent upon line differences suggesting genotypic x line 
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interaction effects. 
Statistical analyses showed highly significant sire 
and dam effects for most traits. In this type study, care 
must be exercised to see that apparent effects of blood 
groups on production are not due to confounding effects of 
sires and dams. 
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IX. APPENDIX 
Table 16. Mean square comparisons between genotypic classes 
(19-21 vs. 19-19 or 21-21) common to both SI and 
S 2 
Si Year Trait S2 d.£T M,S, d.f. M.S. 
1966 
% mortality 
Juvenile body wt. 
Housing body wt. 
Shank length 
55-week body wt, 
55-week egg wt. 
Egg production 
9 .14021 10 .18666 1.33 
9 1998 .7 10 324 3.5 1.62 
9 .08824 10 .13622 1.54 
9 .05667 10 .03009 1.88 
6 .06619 9 .11201 1.69 
5 3.8166 9 7.2513 1.89 
8 .06291 9 .00630 9.98** 
1967 
% mortality 
Juvenile body wt. 
Housing body wt. 
Shank length 
32-week body wt. 
32-week egg wt. 
55-week body wt. 
55-week egg wt. 
Egg production 
14 . 0 6 8 4 5  9 .20925 3 .05* 
14 446.42 8 1 8 8 2 . 7  4 .21** 
14 .05040 9 .11537 2 .28 
14 .04950 9 . 0 6 8 7 0  1 .38 
14 .03207 9 .18872 5 .88** 
10 8.1083 8 2.3020 3 .52* 
13 .08523 7 .55078 6 .46** 
8 5.6666 6 18.130 3 .19 
14 .05392 9 .03272 1 .64 
**P<.01. 
*P<.05. 
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Table 16 (Continued) 
Year Trait SI S2 d.f. M.S. d.f. M.S. F 
Pooled 
% mortality 23 
Juvenile body wt.- 23 
Housing body wt. 23 
Shank length 23 
32-week body wt. 
32-week egg wt. 
55-week body wt, 19 
55-week egg wt. 13 
Egg production 22 
.09653 19 .19736 2.04 
1053.8 18 2638.7 2.50* 
.06521 19 .12634 1.93 , 
.05231 19 .04838 ' 1.08 
Same as 1967 
Sane as 1967 
.07922 16 .30397 3.83* 
4.9551 15 11.603 2.34 
.05719 18 .01951 2.93* 
Table 17a. Newman-Keuls' multiple range test for judging significance of the set 
of differences for mortality in S2 (1965) ^  
G e h o -  _ Z  —  _  —  —  _  —  _  _  
type X x-4.55 x-6.81 x-11.76 x-14.04 x-15,38 x-16.66 x-18 .18 x-21.87 x-34.78 
14 -14 44 .44 39 
(29 
. 89 
.0) 
37 
( 2 8  
.63 
.5) 
32 
(27 
.68 
.9) 
30 
(27 
.40 
.1) 
29. 
(26. 
06 
2) 
27.78 
(25.1) 
26 
(23 
.26 
.6) 
22 
(21 
.57 
.6) 
13 -21 34 .78 30 
(28 
.23 
.5) 
27 
(27 
.97 
.9) 
23 
(27 
.02 
.1) 
20 
( 2 6  
.74 
.2) 
19. 
(25. 
40 
1) 
18.12 
(23.6) 
16 
(21 
.60 
.6) 
12 
(18 
.91 
.0) 
13 -14 21 . 87 17 
(27 
. 32 
.9) 
15 
(27 
. 06 
.1) 
10 
(26 
.11 
.2) 
7 
( 2 5  
.83 
.1) 
6. 
(23. 
49 
6) 
5.21 
(21.6) 
3 
(18 
.69 
.0) 
14 -19 18 . 18 13 
(27 
.63 
.1) 
11 
(26 
.37 
.2) 
6 
(25 
.42 
.1) 
4 
(23 
.14 
. 6) 
2. 
(21. 
80 
6) 
1.52 
(18.0) 
13 .19 16 . 6 6  12 
( 2 6  
.11 
.2) 
9 
(25 
.85 
.1) 
4 
(23 
.90 
.6) 
2 
(21 
.62 
.6) 
1. 
(18. 
28 
0) 
21 -21 15 . 38 10 
(25 
.83 
.1) 
8 
(23 
.57 
.6) 
3 
(21 
.62 
.6) 
1 
(18 
.34 
.0) 
14 -21 14 .04 9 
(23 
.49 
.6) 
7 
(21 
.23 
.6) 
2 
( 1 8  
. 28 
.0) 
13 -13 11 .76 7 
(21 
.21 
.6) 
4 
(18 
.95 
.0) 
19 -21 6 .81 2 
(18 
.26 
.0) 
19 -19 4 .55 
^Two means are significantly different (P<.05) if the actual difference between 
them exceeds the calculated difference in parenthesis. 
Table 17b. Newraan-Keuls' multiple range test for judging significance of the set of 
-differences for total egg production in SI (1967)^ 
Geno­
type X  x - 4 1 . 1 3  x-47.70 x - 4 8 . 0 3  x-48.66 %^50 . 4 8  x-50.74 X —51.42 x^52.25 x —55.52 
2-21 57 .25 16,12 
(12.9) 
9.55 
(12.6) 
9.22 
( 1 2 . 3 )  
8.59 
(12.0) 
6 
(11 
.77 
.6) 
6.51 
(11.1) 
5.83 5.00 1.73 
(10.4) (9.5) (8.0) 
1-21 55.52 14.39 
(12.6) 
7.82 
( 1 2 . 3 )  
7.49 
(12.0) 
6.86 
(11.6) 
5 
(11 
.04 
.1) 
4 .78 
(10.4) 
4.10 3.27 
(9.5) (8.0) 
21-21 5 2 . 2 5  11.12 
(12.3) 
4,55 
(12.0) 
( 1 
4 . 2 2  
(11.6) 
3.59 
(11.1) 
1 
(10 
.77 
.4) 
1,51 
(9.5) 
0.83 
(8.0) 
19-21 51.42 10.29 
(12.0) 
3.72 
(11.6) 
3 . 3 9  
(11.11) 
2 .76 
( 1 0 . 4 )  
0 
(9 
.94 
.5) 
0,68 
( 8 . 0 )  
1-19 50.74 9. 61 
(11.6) 
3.04 
(11.1) 
2.71 
(10.4)-
2.08 
(9.5) 
0 
( 8  
. 2 6  
.0) 
19-19 50 .48 9.35 
(11.1) 
2 . 7 8  
(10.4) 
2.45 
(9.5) 
1.82 
( 8 . 0 )  
2-2 48. 66 7 .53 
(10.4) 
0.96 
(9,5) 
0.63 
(8.0) 
1-19 48.03 6.90 
(9.5) 
0.33 
(8.0) 
2-19 47.70 6.57 
(8.0) 
1 - 1  41.13 
^Two means are significantly different (P<.05) if the actual difference between 
them exceeds the calculated difference in parenthesis. 
Table 17c, Newman-Keuls' multiple range test for judging significance of the set 
of differences for juvenile body weight in S2 (1966)^ 
Geno- — _ _ _ 
type ^ x-598.6 X-61B.3 x - 6 1 8 . 8  Xt62B.F X--632.9 x - 6 3 3 . 4  x -  A 1 4  . 9  .7 
19-21 661 .9 63.3 
(35.6) 
43 
(34 
.6 
.9) 
43 
(34 
.1 
.1) 
33 
(33 
.4 
.2) 
29 
(32 
.0 
.1) 
2 8  
(30 
.5 
.7) 
27 
( 2 8  
.0 
. 9 )  
2 6  
( 2 6  
.2 
.4) 
13-19 636 
1 
.3 37.7 
(34.9) 
18 
( 3 4  
.0 
.1) 
17 
(33 
.5 
.2) 
7 
( 3 2  
.8 
.1) 
3 
(30 
,4 
.7) 
2 
(28 
.9 
.9) 
1 
(26 
.4 
.4) 
0 
( 2 2  
.6 
.0) 
21-21 635 .7 37.1 
(34.1) 
17 
(33 
.4 
.2) 
16 
( 3 2  
.9 
.1) 
7 
(30 
. 2 
.7) 
2 
( 2 8  
.8 
.9) 
2 
( 2 6  
.3 
.4) 
0 
( 2 2  
.8 
.0) 
13-21 634 1 .9 36.3 (33.2) 
16 
( 3 2  
.6 
.1) 
16 
(30 
.1 
.7) 
e 
( 2 8  
.4 
.9) 
2 
( 2 6  
. 0 
.4) 
1 
( 2 2  
.5 
.0) 
13-14 633 .4 34.8 
(32.1) 
15 
(30 
.1 
.7) 
14 
(28 
• 6 
.9) 
4 
(26 
.9 
.4) 
0 
( 2 2  
.5 
.0) 
19-19 6 3 2  .9 34 .3 
(30.7) 
14 
(28 
.6 
.9) 
14 
(26 
.1 
.4) 
4 
( 2 2  
.4 
.0) 
13-13 6 2 8  .5 29.9 
(28.9) 
10 
(26 
.2 
.4) 
9 
( 2 2  
.7 
.0) 
' 
14-19 618 .8 2 0 . 2  
(26.4) 
0 
(22 
.5 
.0) 
14-21 618 .3 19.7 
(22.0) 
14-14 598 .6 
^Two means are significantly different (P<.05) if the actual difference between 
them exceeds the calculated difference in parenthesis. 
Table 17d. Nevvman-Keuls ' multiple range test for judging significance of the set 
of differences for 32-week egg weight in SI (1967)^ 
Geno- _ _ _ 
type X x-47.32 X-4B.20 x-48.62 X-4R.91 x-49.82 x-50.11 x-5n.l3 x - 5 0 . 2 1  x-50.49 
2-21 51. 25 3.93 
(2,25) 
3. 
(2. 
05 
21) 
2. 
(2. 
63 
16) 
2. 
(2. 
34 
10) 
1 
(2 
.43 
.03) 
1 
(1 
.14 
.95) 
1 
(1 
.12 
. 8 3 )  
1 
(1 
. 0 4  
.67) 
19-21 50. 4 8  3.16 
(2.21) 
2. 
(2, 
2 8  
16) 
1. 
(2. 
8 6  
10) 
1. 
(2. 
57 
03) 
0 
(1 
«66 
.95) 
0 
(1 
.37 
.83) 
0 
(1 
.35 
.67) 
0 
(1 
.27 
. 3 9 )  
2-19 50. 21 2.89 
(2.16) 
2. 
(2. 
01 
10) 
1. 
(2. 
59 
03) 
1. 
(1. 
30 
95) 
P 
(1 
, 3 9  
. 8 3 )  
0 
(1 
.10 
.67) 
0 
(1 
. 0 8  
. 3 9 )  
2-2 50 . 13 2.81 
(2.10) 
1. 
(2. 
93 
03) 
1. 
(1. 
51 
95) 
1. 
(1. 
22 
83) 
0 
(1 
.31 
.67) 
0 
(1 
.02 
.39) 
19-19 50. 11 2.79 
(2,03) 
1 .  
(1. 
91 
9 5 )  
1. 
(1. 
49 
83) 
1. 
(1. 
20 
67) 
0 
(1 
.29 
.39) 
21-21 4 9 .  8 2  2.50 
(1.95) 
1. 
(1. 
62 
83) 
1. 
(1. 
20 
6 7 )  
0. 
(1. 
9 1  
3 9 )  
1-2 4 8 .  91 1.59 
(1.83) 
0. 
(1. 
7 1  
6 7 )  
0 . 
(1. 
29 
3 9 )  
1-21 4 8 .  62 1.30 
(1.67) 
0. 
(1. 
42 
39) 
1-19 48. 2 0  0.88 
(1.39) 
1-1 47.32 
^Two means are significantly different (P<.05) if the actual difference between 
them exceeds the calculated difference in parenthesis. 
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Table 18a. Analyses of variance of mortality for genotype 1-1 
vs. all other genotypes for SI 
Year Source d .f. M.S. F Component Percentage 
1965 
Sires 3 .42763 1.13 -.00573 0,00 
Dams/sires 6 .37717 1.07 -.01680 0.00 
1-1 vs. other /dams 9 .35030 2.91** .09527 44.20 
Hens/1-1 vs. other 43 .12028 .12028 55.80 
Total 61 .21555 100.00 
1966 
Sires 4 .72561 8.34** .00776 2.78 
Dams/sires 11 .08694 < 1 -.08378 0.00 
1-1 vs. other/dams 16 .40248 2.62** .11812 42.31 
Hens/1-1 vs. other 53 .15330 .15330 54.91 
Total 84 .27919 100.00 
1967 
Sires 5 .12523 1.17 -.02995 0.00 
Dams/sires a .10625 < 1 -.05366 . 0.00 
1-1 vs. other/dams 14 .24574 4.24** .10961 65.45 
Hens/1-1 vs. other 36 .05787 .05787 34.55 
Total 63 .16748 100.00 
Pooled 
Years 2 .68924 1.71 .00158 0.71 
Sires/years 12 .40096 2.46* -.00816 0.00 
Dams/sires 25 .16277 < 1 -.05517 0.00 
1-1 vs. other/dams 39 .33417 2.86** .10680 47.49 
Hens/1-1 vs, other 132 .11651 .11651 51.81 
Total 210 .22491 100.00 
**P< .01. 
*P<.05. 
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Table 18b. Analyses of variance of juvenile body wt. for 
genotype 1-1 vs. all other genotypes for SI 
Source d.f. M.S. F Component Percentage Year 
1965 
Sires 3 5194.7 4.06 2R1.20 20.65 
Dams/sires 6 1278.9 2.57 40.21 2.97 
1-1 vs. other/dams 9 496.5 < 1 -226.63 0.00 
Hens/1-1 vs. other 42 1040.2 1040.26 76.38 
Total 60 1361.89 100.00 
1966 
Sires • 4 6262.5 < 1 -79.77 0.00 
Dams/sires 11 6333.3 1,60 408.66 11.29 
1-1 vs. other/dams 16 3954.0 1.59 737.66 20.39 
Hens/1-1 vs. other 48 2472.1 2472.18 68.32 
Total 79 3618.51 100.00 
1967 
Sires 5 10405.78 
Dams/sires 8 8346.90 
1-1 vs, other/dams 14 2031.26 
Hens/1-1 vs. other :^6 1315.42 
Total 6? 
1.24 13.13 0.41 
4.10* 1458.57 45,51 
1.54 417.65 13.03 
1315.42 41.05 
3204.78 100.00 
Pooled 
Years 
Sires/years 
Dams/sires 
1-1 vs. other/dams 
Hens/1-1 vs. other 126 
Total 204 
2 401445.38 
12 7721.94 
5764.64 
2465.91 
1664.37 
25 
39 
51.90** 5789.43 
1.33 87.71 
2 .33** 621.06 
1,48 402.16 
1664.37 
67 .60 
1.02 
7.25 
4.70 
19,43 
100.00 
**P<.01. 
*P<.05. 
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Table 18c. Analyses of variance of housing body wt. for geno-
type 1-1 vs. all other genotypes for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 3 .32603 1 .68 .00589 4 .29 
Dams/sires 6 .19395 1 .06 -.00623 0 .00 
1-1 vs. other/dams 9 .18271 1 .92 .03629 26 .44 
Hens/1-1 vs. other 43 .09508 .09508 69 .27 
Total 61 .13726 100 o
 
o
 
1966 
Sires 4 .29873 1 .16 -.00073 0 .00 
Dams/sires 11 .25596 3 .75** .03542 41 .50 
1-1 vs, other/dams 16 .06813 2 .03* .01639 19 .21 
Hens/1-1 vs. other 53 .03353 .03353 39 .29 
Total 84 .08536 100 .00 
1967 
Sires 5 .15054 1.00 -.00203 0 .00 
Dams/sires 8 .15011 3.92* .02006 22 .91 
1-1 vs. other/dams 14 .03821 < 1 -.01709 0 .00 
Hens/1-1 vs. other 36 .06751 .06751 77 .09 
Total 63 .06751 100 .00 
Pooled 
Years 2 .38956 1. 59 .00165 1 .67 
Sires/years 12 .24381 1. 17 .00088 - 0 .90 
Dams/sires 25 .20720 2. 47** .02309 23 .38 
1-1 vs. other/dams 39 .08383 1. 33 .01029 10 .42 
Hens/1-1 vs. other 132 .06285 .06285 63 .63 
Total 210 .09878 100 
O
 
o
 
**P<.01. 
*P<.05. 
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Table 18d. Analyses of variance of shank length for genotype 
1-1 vs. all other genotypes for SI 
Year Source d. f. M.S. F Component Percentage 
1965 
Sires 3 .30868 1.93 .01060 •8 .83 
Dams/sires 6 .15936 2.42 .00996 8 .30 
1-1.vs. other/dams 9 .06567 • < 1 -,01403 0 .00 
Hens/1-1 vs. other 43 .09956 .09956 82 .87 
Total 61 .12013 100 .00 
1966 
Sires 4 .63902 2.75 .02213 16 .94 
Dams/sires 11 .23236 3.95** .03157 24 .17 
1-1 vs. other/dams 16 .05868 < 1 -.00865 0 .00 
Hens/1-1 vs. other 53 .07693 .07693 58 .89 
Total 84 .13064 100 
!o jo 
1967 
Sires 5 .16017 3.27 .00415 4 .97 
Dams/sires 8 .04897 < 1 -.01357 0 .00 
1-1 vs. other/dams 13 .09158 1.45 .01642 19 .67 
Hens/1-1 vs. other 36 .06294 .06294 75 .36 
Total 62 .08353 100 .00 
Pooled 
Years 2 .70075 1.96 .00398 3 .49 
Sires/years 12 .35691 2.28* .01428 12 .51 
Dams/sires 25 .15616 2.18* .01544 13 .52 
1-1 vs. other/dams 33 .07159 < 1 -.00432 0 .00 
Hens/1-1 vs. other 132 .08049 .08049 70 .48 
Total 209 
V 
.11421 100 .00 
**P<.01. 
*P<.05. 
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Table 18e. Analyses of variance of 32-week body wt, for geno-
type 1-1 vs. all other genotypes for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 3 .47296 4.60 .01707 9. 87 
Dams/sires 6 .10265 • < 1 -.02774 0. 00 
1-1 vs. other/dams B .20194 1.70 .03720 21. 51 
Hens/1-1 vs. other 38 .11865 .11865 68. 62 
Total 55 .17292 100. 00 
1966 
Sires No data were obtained for 1966 
Dams/sires 
1-1 vs. other/dams 
Kens/1-1 vs. other 
Total 
1967 
Sires 5 .20540 1.42 .00427 4. 16 
Dams/sires 8 .14428 2.38 .01527 11. 85 
1-1 vs. other/dams 14 .06055 < 1 -.01348 0. 00 
Hens/1-1 vs. other 35 .08334 .08334 80. 99 
Total 62 .10289 100, .00 
Pooled 
Years 1 3.39686 11, .11* .05071 2 8 ,  .86 
Sires/years 8 ,30574 2, .41 .01586 9, .03 
Dams/sires 14 .12644 1, .12 .00202 1, .15 
1-1 vs. other/dams 22 .11196 1, .10 .00542 3, .09 
Hens/1-1 vs. other 73 .10172 .10172 57, . 8 8  
Total 118 .17574 100, .00 
*P<.05. 
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Table IBf. Analyses of variance of 32-week egg wt. for geno-
type 1-1 vs. all other genotypes for SI 
Year ' Source d.f. M.S. F Component Percentage 
1965 
Sires 3 29.118 2.74 1.39330 9.51 
Dams/sires 6 10.598 < 1 -.55175 0.00 
1-1 vs. other/dams 7 11.472 < 1 -1.00255 0.00 
Hens/1-1 vs. other 34 13.254 13.25490 90,49 
Total 50 14,64820 100.00 
1966 
Sires No data were obtained for 1966 
Dams/sires 
1-1 vs. other/dams 
Hens/1-1 vs. other 
Total 
1967 
Sires 5 3,1750 < 1 -1.1914 0.00 
Dams/sires 8 12.5322 < 1 -.1401 0.00 
1-1 vs. other/dams 12 12.8319 1.05 .3851 3.06 
Hens/1-1 vs. other 27 12.2179 12.2179 96.94 
Total • 52 12,6030 100.00 
Pooled 
Years 1 240.0688 18.60** 4.3693 25.44 
Sires/years 8 12.9038 1.10 .0112 0.07 
Dams/sires 14 11.7036 < 1 -.2797 0.00 
1-1 vs, other/dams 19 12.3310 < 1 -.2796 0.00 
Hens/1-1 vs. other 61 12.7959 12.7959 74.50 
Total 103 17.1764 100.00 
**P<.01. 
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Table 18g. Analyses of variance of 55-week body wt. for geno-
type 1-1 vs. all other genotypes for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 3 1.3715 2. 96 .08828 30 .28 
Dams/sires 6 .4620 1. 68 .00073 0 .25 
1-1 vs. other/dams 7 .2742 2. 99* .11089 38 .03 
Hens/1-1 vs. other 30 .0916 .09169 31 .44 
Total 46 .29160 100 .00 
1 
Sires 4 .1046 < 1 -.03184 0 .00 
Dams/sires 11 ,3623 7. 56** .06307 25 .82 
1-1 vs, other/dams 8 .0479 < 1 -.08765 0 .00 
Hens/1-1 vs, other 27 .1812 .18125 74 .18 
Total 50 .24432 100 o
 
o
 
1967 
Sires 5 .36309 1 .75 .00635 3 .89 
Dams/sires 8 .20663 1 .02 — .00886 0 .00 
1-1 vs. other/dams 11 .20070 2 .12* .06259 38 .32 
Hens/1-1 vs, other 32 .09439 .09439 57 .79 
Total 56 .16335 100 
o
 
o
 
Pooled 
Years 2 1.36428 2. 57 .01418 6 .46 
Sires/years 12 .52906 1. 57 .01334 6 .08 
Dams/sires 25 .33643 1. 94* .03921 17 .86 
1-1 vs. other/dams 26 .17350 1. 44 .03293 15 .00 
Hens/1-1 vs. other ^9 .11983 .11983 54 .59 
Total 1'54 .21951 100 
o
 
o
 
**P<.01. 
*P<.05. 
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Table 18h. Analyses of variance of 55-week egg wt. for geno-
type 1-1 vs. all other genotypes for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
25.41 
0.00 
0.00 
-J4.59 
100.00 
Sires 
Dams/sires 
1-1 vs. other/dams 1 .6666 
Hens/1-1 vs. other ]JD 16.8 000 
Total 15 
2 40.0500 4.93 
2 8.1166 12.17 
< 1 
5.7230 
-2.3463 
-12.0999 
16.7999 
1966 
Sires 4 16.3825 
Dams/sires 11 21,9699 
1-1 vs.'other/dams 5 52.7000 
Hens/1-1 vs. other 19 17.4578 
Total 39 
< 1 -8.7449 
< 1 -22.4914 
3.01* 28.4210 
17.4578 
45.8789 
0.00 
0.00 
61.95 
38.05 
100.00 
1967 
Sires 5 2.7587 < 1 
Dams/sires 7 5.8307 <1 
1-1 vs. other/dams 6 6.8000 <1 
Hens/1-1 vs. other ^  17.0 595 
Total 32 
-2.7310 
-4.7610 
-6.7893 
17.0595 
17.0595 
0.00 
0.00 
0.00 
100.00 
100.00 
Pooled 
Years 2 41, .7742 2.88 .2619 1, .12 
Sires/years 11 14, .4931 < 1 -2, .5226 0. 00 
Darns/sires 20 14 , .9359 < 1 -5. 9149 0, .00 
1-1 vs. other/dams 12 25 .4138 1.47 5 .9556 25, .46 
Hens/1-1 vs. other 43 17. 1751 17, .1751 73 , .42 
Total 88 23 , .3928 100, .00 
*P<.05. 
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Table 18i. Analyses of variance of total egg production for 
genotype 1-1 vs. all other genotypes for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 3 .04514 1.93 -.00321 0 .00 
Dams/sires 6 .02333 < 1 -.01153 0.00 
1-1 vs. other/dams 8 .05317 2.47* .01686 44.03 
Hens/1-1 vs, other 35 .02144 .02144 55.97 
Total 52 .03831 100.00 
1966 - -
Sires 4 \08444 1.51 .00227 3.95 
Dams/sires 11 .05591 1.10 .00024 0.43 
1-1 vs. other/dams 13 .05069 < 1 -.00242 0.00 
Hens/1-1 vs. other 34 .05503 .05503 95.62 
Total 62 .05755 100.00 
1967 
Sires 5 .10244 2.83 .00433 9.17 
Dams/sires 8 ,03619 < 1 —.00406 0.00 
1-1 vs. other/dams 14 .04730 1.31 .00684 14.49 
Hens/1-1 vs. other 34 .03606 .03606 76.34 
Total 61 .04724 100.00 
Pooled 
Years 2 .16154 1.96 .00115 2.43 
Sires/years 12 .08212 1.96 ,00186 3.92 
Dams/sires 25 .04178 < 1 -.00353 0.00 
1-1 vs. other/dams 35 ,04990 1.33 .00716 15.07 
Hens/1-1 vs. other 103 .03735 .v03735 78 .58 
Total 177 .04754 100.00 
*P<.05 . 
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Table 19a. Analyses of variance of mortality for homozygous 
genotype B /B vs. heterozygous genotypes contain­
ing for SI 
Year Source i d.f. M.S. F Component Percentage 
1965 
Sires 3 .27647 < 1 -.02602 0.00 
Dams/sires 4 .54473 2.61 .06343 26.03 
1-1 vs. 1-x/dams 8 .20848 1.34 .02509 10.30 
Hens/1-1 vs. 1-x 24 .15515 .15515 63.67 
Total 39 .24369 100.00 
1966 
Sires 4 .47372 6.32** -.00190 0.00 
Dams/sires 11 .07490 < 1 -.09069 0.00 
1-1 vs. 1-x/dams 16 .39687 2.23* .11561 39.39 
Hens/1-1 vs. 1-x 37 .17792 .17792 60.61 
Total 68 .29354 100.00 
1967 
Sires 5 .05993 < 1 -.03458 0.00 
Dams/sires 5 .07976 < 1 -.04582 0.00 
1-1 vs. 1-x/dams 11 .20303 2.97* .08524 55.56 
Hens/1-1 vs. 1-x 22 .06818 .06818 44.44 
Total 43 .15343 100.00 
Pooled 
Years 2 .76453 3.03 .00727 3.15 
Sires/years 12 .25199 1.48 -.01166 0.00 
Dams/sires 20 .17008 < 1 -.03952 0.00 
1-1 vs. 1-x/dams 35 .29289 2.05** .08149 35.27 
Hens/1-1 vs. 1-x 8-3 .14225 .14225 61.58 
Total 152 .23102 100 .00 
**P<.01. 
*P<.05. 
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Table 19b. Analyses of variance of juvenile body weight for 
homozygous genotype B1/B^ VS. heterozygous geno-
types containing B^ for SI 
Year Source d .f. M. S. F Component Percentage 
1965 
Sires 3 3509 .7 2.73 264 .20 20.17 
Dams/sires 4 1282 .9 2.29 60.85 4.65 
1-1 vs. 1-x/dams 8 560 .2 < 1 -202.09 0.00 
Hens/1-1 vs. 1-x 23 984 .6 984 .60 75.18 
Total 38 1309.66 100 .00 
1966 
Sires 4 5399 .30 < 1 -88.15 0.00 
Dams/sires 11 5816 .3 1.28 238.89 6.24 
1-1 vs. 1-x/dams 15 4510 .3 1,79 1073.50 28.06 
Hens/1-1 vs. 1-x 35 2513 . 6 2513 .65 65.70 
Total 65 3826 .04 100.00 
1967 
Sires 5 8613 .6 2.26 527.45 19.40 
Dams/sires 5 3802 .9 2.14 583.87 21.48 
1-1 vs. 1-x/dams 11 1772 .4 1.34 284.32 10.46 
Hens/1-1 vs. 1-x 22 1322 . 6 1322 .67 48.66 
Total 43 2718.33 100.00 
Pooled 
Years —' ' 2 229096 .7 365.60* • 4598.97 62.24 
Sires/years 12 6266 .2 1.42 146 .01 1.98 
Dams/sires 20 4406 .2 1.63 378.62 5.12 
1-1 vs. 1-x/dams 34 2695 .1 1.54 519.37 7.03 
Hens/1-1 vs. 1-x 80 1746 .5 1746.53 23.64 
Total ; L4R 7389.52 100 .00 
**P<.01. 
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Table 19c. Analyses of variance of housing body weight for 
homozygous genotype B^/B^ vs. heterozygous geno-
types containing B"^ for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 3 .12907 < 1 -.00926 0.00 
Dams/sires 4 .22676 1.51 .01091 8.58 
1-1 vs. l-x/dams 8 .14940 1.71 .02936 23.07 
Hens/1-1 vs. 1-x 24 .08700 .08700 68.35 
Total 39 .12728 100.00 
1966 
Sires 4 .22704 < 1 -.00462 0.00 
Dams/sires 11 .24120 3.48* .04179 42.65 
1-1 vs. l-x/dams 16 .06924 1.66 .01460 14.91 
Hens/1-1 vs. 1-x 37 .04158 .04158 42.44 
Total 68 .09798 100.00 
1967 
Sires 5 .12296 2.65 .00747 9.79 
Dams/sires 5 .04629 1.66 — .00680 0.00 
1-1 vs, l-x/dams 11 .02787 < 1 -.02590 0.00 
Hens/1-1 vs. 1-x 22 .06886 .06886 90.21 
Total 43 .07633 100.00 
Pooled 
Years 2 .53590 3.36 .00606 5.90 
Sires/years 12 .15918 < 1 -.00532 0.00 
Dams/sires 20 .18959 2.54** .02783 27.11 
1-1 vs. l-x/dams 35 .07456 1.20 .00682 6.65 
Hens/1-1 vs. 1-x 83 .06194 .06194 60.34 
Total 152 .10267 100.00 
**P<.01. 
*P<.05. 
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Table 19d. Analyses of variance of shank length for homozygous 
genotype B^/B^ vs. heterozygous genotypes contain-
ing B^ for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 3 .10479 < 1 -.00671 0 .00 
Dams/sires 4 .15715 1.85 .00771 5 . 66 
1-1 vs. 1-x/dams 8 .08988 < 1 -.01823 0 .00 
Hens/1-1 vs. 1-x 24 .12863 .12863 94 .34 
Total 39 .13635 100 .00 
) 
Sires 4 .44807 2.14 .01548 11 .42 
Dams/sires 11 .20863 2.98* .02960 21 .84 
1-1 vs. 1-x/dams 16 .06990 < 1 -.01084 0 .00 
Hens/1-1 vs. 1-x 37 .09043 .09043 66 .73 
Total 68 .13552 100 o
 
o
 
Sires 5 .12354 2.59 .00356 4 .31 
Dams/sires 5 .04766 < 1 -.01300 0 .00 
1-1 vs. 1-x/dams 10 .08541 1.24 .01052 12 .74 
Hens/1-1 vs. 1-x 22 .06851 .06851 82 .95 
Total 42 ,08259 100 .00 
Pooled 
Years 2 .24265 1.06 -.00021 0 .00 
Sires/years 12 .22703 1.41 .00584 4 .97 
Dams/sires 20 .16009 2.02* .01612 13 .71 
1-1 vs. 1-x/dams 34 .07917 < 1 -.00885 0 .00 
Hens/1-1 vs. 1-x 83 .09567 .09567 81 .33 
Total 151 .11764 100 .00 
*P<,05 . 
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Table 19e. Analyses of variance of 32-week body weight for 
homozygous genotype B^/B^ vs. heterozygous geno-
types containing for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 3 .19316 1.25 .00129 0 .88 
Dams/sires 4 .15391 < 1 -.00848 0 .00 
1-1 vs. 1-x/dams 7 .17757 1.49 .02771 18 .78 
Hens/1-1 vs, 1-x 21 .11853 .11853 80 .34 
Total 35 .14753 100 O
 
o
 
Sires No data were obtained for 1966 
Dams/sires 
1-1 vs. 1-x/dams 
Hens/1-1 vs. 1-x 
Total 
1967 
Sires 5 .22658 3.34 .02085 21.60 
Dams/sires 5 ,06780 1.35 -.00237 0.00 
1-1 vs. 1-x/dams 11 .05009 < 1 -.01617 0.00 
Hens/1-1 vs, 1-x 22 .07568 .07568 78.40 
Total 43 .09653 100.00 
Pooled 
Years 1 2.68404 12 .53** .06116 34 .89 
Sires/years 8 .21405 2 .01 .01431 8 .17 
Dams/sires 9 .10607 1 .06 .00151 0 .87 
1-1 vs. 1-x/dams 18 .09966 1 ,03 .00170 0 .97 
Hens/1-1 vs. 1-x 43 .09660 .09660 55 .11 
Total 79 .17530 100 .00 
**P<.01. 
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Table 19f. Analyses of variance of 32-week egg weight for 
homozygous genotype B^/B^ vs. heterozygous geno-
types containing B^ for SI 
Year Source d. f. M. S, Component Percentage 
1965 
Sires 3 
Dams/sires 4 
1-1 vs. 1-x/dams 7 
Hens/1-1 vs. 1-x 17 
Total 31 
16.0638 2.08 
7.7041 < 1 
13.6204 1.07 
12.6778 
.30192 
-1.63956 
.58921 
12.67780 
13.56900 
2.23 
0 . 0 0  
4 .34 
93.43 
100 .00 
1966 
Sires 
Dams/sires 
1-1 vs. 1-x/dams 
Hens/1-1 vs. 1-x 
Total 
No data were obtained for 1966 
1967 
Sires 
Dams/sires 
1-1 vs. 1-x/dams 
Hens/1-1 vs. 1-x 
Total 
5 5.3864 1.17 
5 4.5873 < 1 
10 12.1983 1.32 
1J_ 9.1990 
38 
-1.39000 0.00 
-2.80103 0.00 
1.98626 17.76 
9.19907 82.24 
11.18533 100.00 
Pooled 
Years 1 142 .5482 15.18** 3 .63466 23 .08 
Sires/years 8 9 .3904 1.57 .68337 0 .00 
Dams/sires 9 5 .9726 < 1 -2 .23840 0 .00 
1-1 vs. 1-x/dams 17 12 .7838 1.17 1 .22509 7 .78 
Hens/1-1 vs. 1-x 35 10 .8887 10 .88877 69 .14 
Total 70 15 .74853 100 .00 
**P<.01. 
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Table 19g. Analyses of variance of 55-week body weight for 
homozygous genotype B^/B vs. heterozygous geno-
types containing for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 3 1.30850 4.66 .15314 45 .77 
Dams/sires 4 .28063 1.18 -.02056 0 .00 
1-1 vs. 1-x/dams 7 .23651 3.73* .11813 35 .30 
Hens/1-1 vs. 1-x 15 .06333 .06333 18 .93 
Total 29 ,33460 100 .00 
Sires 4 .14924 < 1 — .0 2668 0 .00 
Dams/sires 11 .33772 8 .94** .03857 13 .44 
1-1 vs, 1-x/dams 8 .03775 < 1 -.15234 0 .00 
Hens/1-1 vs. 1-x 16 .24848 .24848 86 .56 
Total 39 .28706 100 .00 
Sires 5 .33066 2.57 .02342 15 .47 
Dams/sires 5 .12838 < 1 -.00806 0 .00 
1-1 vs. 1-x/dams 9 .14485 1.44 .02794 18 .46 
Hens/1-1 vs. 1-x 20 .10004 .10004 66 .07 
Total 39 .15140 100 o
 
o
 
Pooled 
Years 2 .54028 1 .04 -.00131 0 .00 
Sires/years 12 .51464 1 .87 .02830 13 .20 
Dams/sires 20 .27397 2 .01 .05032 23 .46 
1-1 vs. 1-x/dams 24 .13588 1 .00 .00004 0 .02 
Hens/1-1 vs. 1-x 51 .13581 .13581 63 .32 
Total 109 .21449 100 .00 
**P<.01 .  
*P<.05. 
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Table 19h, Analyses of variance of 55-week egg weight for 
homozygous genotype BVB^ VS. heterozygous geno-
types containing B^ for SI _____ 
Year Source d.f. M.S. F Component 
1965 
Sires 2 
Dams/sires 2 
1-1 vs, 1-x/dams 1 
Hens/1-1 vs. 1-x 10 
Total I? 
40.0500 4,93 5.7230 
8.1166 12.17 -2.3468 
. 6 6 6 6  
16.8000 
1 -12.0999 
16.7999 
22.5230 
Percentage 
25.41 
0 . 0 0  
0 . 0 0  
74 .59 
100.00 
1966 
Sires 4 15.2751 < 1 -9.4096 
Dams/sires 10 26.7588 < 1 -19.3047 
1-1 vs. 1-x/dams 5 51.9666 2.53 27.7973 
Hens/1-1 vs. 1-x 9 20.4629 20.4629, 
Total 28 48.2603 
0.00 
0.00 
57.60 
42.40 
100.00 
1967 
Sires 5 2.4527 < 1 
Dams/sires 4 5.3583 < 1 
1-1 vs. 1-x/dams 5 7.1000 < 1 
Hens/1-1 vs. 1-x _7 18.4523 
Total 21 
-4 .4443 
-7.5542 
-8.9624 
18.4523 
18.4523 
0 . 0 0  
0 . 0 0  
0.00 
100.00 
100.00 
Pooled 
Years 2 40. 5106 2.90 .2137 0, .83 
Sires/years 11 13, .9513 < 1 "S, .7550 0, .00 
Dams/sires 16 19, .0784 < 1 -5, 5854 0, .00 
1-1 vs. 1-x/dams 11 26, .9090 1.45 6, .9269 27, .00 
Hens/1-1 vs. 1-x 26 18. 5128 18, .5128 72, .16 
Total 66 25, .6534 O
 
O
 
.00 
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Table 19i. Analyses of variance of total egg production for 
homozygous genotype B^/B^ vs. heterozygous geno-
types containing B^ for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 3 .03693 
Dams/sires 4 .03605 
1-1 vs. 1-x/dams 8 .03846 
Hens/1-1 vs. 1-x 19 .03108 
Total 34 
1.02 
< 1 
1.23 
-.00059 
-.00155 
,00438 
.03108 
.03546 
0.00 
0.00 
12.36 
87.64 
100.00 
1966 
Sires 4 .04145 < 1 -.00388 0 .00 
Dams/sires 11 .07463 1.39 .00525 8 .07 
1-1 vs. 1-x/dams 12 .05355 < 1 -.00384 0 .00 
Hens/1-1 vs. 1-x 22 .05986 .05986 91 .93 
Total 49 .06511 100 .00 
1967 
Sires 5 ,05770 < 1 -.00243 0. 00 
Dams/sires. 5 .05949 1.11 .00017 0. 41 
1-1 vs, 1-x/dams 11 .05321 2.01 .01697 39, .02 
Hens/1-1 vs. 1-x 22 .02635 .02635 60. 57 
Total 43 .04351 100. 00 
Pooled 
Years 2 .13536 2.87 .00143 2.83 
Sires/years 12 .04709 < 1 -.00272 0.00 
Dams/sires 20 .06313 1.27 .00351 6.95 
1-1 vs. 1-x/dams 31 .04954 1.25 ,00616 12.19 
Hens/1-1 vs. 1-x 63 .03948 .03948 78 .03 
Total 128 ,05060 100 .00 
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Table 2 0a. Analyses of variance of mortality for B hetero-
zygous genotypes vs. all other genotypes for SI 
Source d. f, M.S. F Component Percentage Year 
1965 
Sires 7 .09410 < 1 -.00599 
Dams/sires 26 .21825 2.11* .01787 
1-x vs. all/dams 33 .10339 1.40 .00971 
Hens/l-x vs. all 159 .07362 .07362 
Total 225 .10121 
0,00 
17.66 
9.60 
72.74 
100.00 
1966 
Sires 
Dams/sires 
1-x vs. all/dams 
Hens/l-x vs. all 
Total 
8 .44512 2.45* 
40 .18125 1.32 
49 .13437 1.22 
171 .10953 
268 
.00902 6.62 
.00764 5.60 
,01019 7.47 
.10953 80.31 
.13639 100.00 
1967 
Sires 11 .04559 < 1 -.00308 
Dams/sires 30 .08280 1,11 --.00174 
1-x vs. all/dams 42 .07403 < 1 -.00854 
Hens/l-x vs, all 94 .09007 .09007 
Total 177 .09007 
0.00 
0.00 
0 . 0 0  
100.00 
loo .00  
Pooled 
Years 2 .31211 1 .71 .00052 0 .49 
Sires/years 26 ..18158 1 .13 .00059 0 .55 
Dams/sires 96 .16051 1 .51* .00994 9 .15 
1-x vs. all/dams 124 .10569 1 .15 .00577 5 .32 
Hens/l-x vs. all 424 .09175 .09175 84 .49 
Total 672 .10859 100 .00 
*P<.05. 
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Table 20b. Analyses of variance of juvenile body wt. for B 
heterozygous genotypes vs. all other genotypes 
for SI 
Year Source d. f. M.S. F Component Percentage 
1965 
Sires 7 6379 .2 3 .49** 165 .86 9 .51 
Dams/sires 26 1826 .6 1 .10 25 .55 1 .47 
1-x vs. all/dams 32 1654 .2 1 .10 49 .98 2 .87 
Hens/l-x vs. all 154 1502 .6 1502 .65 86 .16 
Total 219 1744 .06 100 o
 
o
 
1966 
Sires 
Dams/sires 
1-x ys. all/dams 
Hens/l-x vs. all 
Total 
8 10221.5 1.76 
40 5777.5 1.75* 
48 3296.1 1.45* 
163 2261.0 
259 
148.49 4.53 
434.04 13.24 
433.50 13.23 
2261.00 69.00 
3277.04 100.00 
1967 
Sires 
Dams/sires 
1-x vs. all/dams 
Hens/l-x vs. all 
Total 
11 ,16391.0 
30 7112.6 
42 1654.0 
94 1802.8 
2.30* 
4.30** 
< 1 
177 
624.47 
1274.15 
-79.25 
1802.83 
3701.47 
16,87 
34.42 
0.00 
48.71 
100.00 
Pooled 
Years 
Sires/years 
Dams/sires 96 
1-x vs. all/dams 122 
Hens/l-x vs. all 411 
Total 657 
2 1704173.0 144.4 5** 
26 11797.2 2,30** 
5124.7 2.22** 
2300.1 1.22 
1872,0 
7795.07 
287.05 
537.17 
179.81 
1872.06 
10671.19 
73.05 
2.69 
5.03 
1.69 
17.54 
100.00 
**P<.01. 
*P<.05. 
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Table 20c. Analyses of variance of housing body wt. for B 
heterozygous genotypes vs. all other genotypes 
for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 7 ,23130 2.31 .00347 3 .15 
Dams/sires 26 .10009 < 1 -.00441 0 .00 
1-x vs, all/dams 33 .12421 1.26 .00846 7 .68 
Hens/l-x vs. all 159 .09829 .09829 89 .17 
Total 225 .11022 100 .00 
Sires 8 .57713 3 .08** .01321 14 .45 
Dams/sires 40 .18713 2.72** .02118 23 .16 
1-x vs. all/dams 49 .06861 1.39 .00803 8 .79 
Hens/lOx vs. all 171 .04901 .04901 53 .59 
Total 268 .09145 100 O
 
o
| 
1967 
Sires 11 .47615 2.59* .01988 17 .53 
Dams/sires 30 .18326 3.32** .02833 24 .99 
1-x vs. all/dams 42 .05510 < 1 -.00536 0 .00 
Hens/l-x vs. all 94 .06517 .06517 57 .48 
Total 177 .11339 100 
lo o
 
Pooled 
Years 2 .09962 <1 -.00201 0 .00 
Sires-years 26 .44130 2.71** .01202 11 .79 
Dams/sires 96 .16234 2.05** .01567 15 .37 
1-x vs. all/dams 124 .07883 1.10 .0 0321 3 .15 
Hens/l-x vs. all 424 .07107 .07107 69 .69 
Total 672 .10199 100 .00 
**P<.01. 
*P<.05. 
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Table 20d. Analyses of variance of shank length for B hetero-
Year Source d l.f. M.S. F Component Percentage 
1965 
Sires 7 .40362 4.19** .01057 8.58 
Dams/sires 26 .09616 1.19 -.00267 0.00 
1-x vs. all/dams 33 .08062 < 1 -.01049 0.00 
Hens/l-x vs. all 158 .11273 .11273 91.42 
Total 224 .12330 100.00 
1966 
Sires 8 .44018 1.83 .00645 5.67 
Dams/sires 40 .24047 2.82* .02839 24.97 
1-x vs. all/dams 49 .08519 1.14 .00440 3.88 
Hens/l-x vs. all 171 .07444 .07444 65.47 
Total 268 .11370 100.00 
1967 
Sires 11 .18286 1.36 .00315 3.58 
Dams/sires 30 .13383 1.83* .01443 16.35 
1-x vs. all/dams 41 .07301 1.07 .00260 2.95 
Hens/l-x vs. all 94 .06808' .06808 77.13 
Total 176 .08828 100.00. 
Pooled 
Years 2 2.52263 7.84** .00970 8 .16 
Sires/years 26 .32147 1.91* .00646 5 .44 
Dams/sires 96 .16806 2.10** .01549 13 .02 
1-x vs. all/dams 123 .07990 < 1 -.00306 0 .00 
Hens/l-x vs. all 423 .08733 .08733 73 .39 
Total 670 .11900 100 o
 
o
 
**P<.01. 
*P<.05. 
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Table 20e. Analyses of variance of 32-week body wt. for B 
heterozygous genotypes vs. all other genotypes 
for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 7 .32352 2.58 .00559 3 .50 
Dams/sires 26 .12498 < 1 -.00748 0 .00 
1-x vs. all/dams 33 .16705 1.13 .00667 4 .18 
Hens/l-x vs. all X4 9 .14736 .14736 92 .31 
Total 215 .15963 100 o
 
o
 
1966 
Sires No data were obtained for 1966 
Dams/sires 
1-x vs. all/dams 
Hens/l-x vs. all 
Total 
1967 
Sires 11 .62717 2.30* .02419 13 .58 
Dams/sires 30 .27248 3.05** .03807 21 .36 
1-x vs. all/dams 42 .08916 < 1 -.01437 0 .00 
Hens/l-x vs, all 92 .11593 .11593 65 .06 
Total 175 .17820 100 .00 
Pooled 
Years 1 4.38530 8.61** .01951 10 .59 
Sires/years 18 .50908 2.49** .01549 8 .41 
Dams/sires 56 .20400 1.65* .01390 7 .55 
1-x vs. all/dams 75 .12343 < 1 -.00509 0 .00 
Hens/l-x vs. all 241 .13536 .13536 73 .46 
Total 391 .18427 100 
O
 
o
 
**P<.01. 
*P<.05. 
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Table 20f. Analyses of variance of 32-week egg wt. for B 
heterozygous genotypes vs. all other genotypes 
for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 7 33.834 1.92 
Dams/sires 26 17.532 1.06 
1-x vs. all/dams 32 16.454 1.35 
Hens/l-x vs. all 134 12.155 
Total 199 
.60157 
.10863 
1.55967 
12.15502 
14.42491 
4.17 
0.75 
10.81 
84.26 
100.00 
1966 
Sires 
Dams/sires 
1-x vs. all/dams 
Hens/l-x vs. all 
Total 
No data were obtained for 1966 
1967 
Sires 11 23.634 1.30 .42329 3.44 
Dams/sires 30 18.171 2.00* 2.65978 21.60 
1-x vs. all/dams 39 9.058 < 1 -.10747 0.00 
Hens/l-x vs. all _63 9.231 9.23148 74.96 
Total 143 12.31455 100.00 
Pooled 
Years 1 804.558 29.14** 4.62088 
Sires/years 18 27.601 1.54 .52552 
Dams/sires 56 17.874 1.44 1.22489 
1-x vs. all/dams 71 12.392 1.10 .55179 
Hens/l-x vs. all 197 11.220 11.22008 
Total 343 18.11317 
25.47 
2.90 
6.75 
3.04 
61.84 
loo .00  
**P<.01 
P<.05 . 
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Table 20g. Analyses of variance of 55-week body wt. for 
heterozygous genotypes vs. all other genotypes for 
SI 
Year Source d ,f. M.S. F Component Percentage 
1965 
Sires 7 .43732 1.61 .00630 2.88 
Dams/sires 26 .27090 1.20 .00812 3.71 
1-x vs. all/dams 31 .22473 1.17 .01255 5.74 
Hens/l-x vs, all 123 .19191 .19191 87.67 
Total 187 .21889 100.00 
1966 
Sires R .25054 < 1 -.00235 0.00 
Dams/sires 40 .27854 4.18** .02920 14.76 
1-x vs. all/dams 39 .06653 < 1 -,05180 0.00 
Hens/l-x vs. all 103 .16866 .16866 85.24 
Total 190 .19787 100.00 
1967 
Sires 11 .72211 1.82 .02319 9.62 
Dams/sires 30 .39530 3.07** .06440 26.71 
1-x vs. all/dams 40 .12861 < 1 -.01411 0.00 
Hens/l-x vs, all 80 .15352 .15352 63.67 
Total 161 .24112 100.00 
Pooled 
Years 2 3.29R49 6.57** .01509 6.52 
Sires/years 26 .50034 1.59 .00897 3.87 
Dams/sires 96 .31296 2.34** .03357 14 .49 
1-x vs, all/dams 110 .13369 < 1 -.01942 0.00 
Hens/l-x vs. all 306 .17405 .17405 75.12 
Total 540 .23170 100.00 
**P<.01 .  
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Table 20h. Analyses of variance of 55-week egg wt. for B 
heterozygous genotypes vs. all other genotypes 
for SI 
Year Source d. f. M.S. Component Percentage 
1965 
Sires 7 27.893 1.21 
Dams/sires 21 23.052 1.91 
1-x vs. all/dams 19 12.022 < 1 
Hens/l-x vs. all ^ 20.435 
Total 8 5 
.42067 
.93189 
-5 .79970 
20.43551 
21.78807 
1.93 
4.28 
0.00 
93.79 
loo ioo  
1966 
Sires 8 21.785 < 1 -.42274 
Dams/sires 40 25.509 1.77 3.71375 
1-x vs. all/dams 31 ,14.341 1.03 .26642 
Hens/l-x vs. all _7 5 13.858 13.85866 
Total 154 17.39396 
0.00 
2 0 . 8 2  
1.49 
~ 77.69 
loo .00  
1967 
Sires 11 36.774 
Dams/sires . 29 22.760 
1-x vs, all/dams 27 10.587 
Hens/ l-x vs. all 34 12.595 
Total 101 
1.61 1.56410 
2.14* 4.21289 
< 1 -1.51341 
12 ,59558 
18.37257 
8.51 
22.93 
0.00 
68.56 
100.00 
Pooled 
Years 2 349 .594 11.74** 2 .87026 13 .23 
Sires/years 26 29 .771 1.23 .38032 1 .75 
Dams/sires 90 24 .050 1,93** 3 .17652 14 .64 
1-x vs. all/dams 77 12 .452 < 1 - 1  .81121 0 .00 
Hens/l-x vs. all 147 15 .266 15 .26666 70 .37 
Total 342 21 .69377 100 .00 
**P<.01. 
*P<.05. 
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Table 20i. Analyses of variance of total egg production for 
B heterozygous genotypes vs. all other genotypes 
for SI 
Year Source d.f. M.S. F Component Percentage 
1965 
Sires 7 .03054 < 1 -.00032 0 .00 
Dams/sires 26 .03460 1.76 .00220 9 .21 
1-x vs. all/dams 33 .01964 < 1 -.00075 0 ,00 
Hens/l-x vs. all 146 .02178 .02178 90 .79 
Total 212 .02399 100 o
 
o
 
1966 
Sires 8 .15432 1 .95 .00314 5 .70 
Dams/sires 40 .07879 1 .73* .00821 14 .88 
1-x vs. all/dams 41 .04534 1 .06 .00141 2 .5% 
Hens/l-x vs. all 114 .04245 .04245 76 .86 
Total 203 .05523 100 .00 
1967 
Sires 11 .12509 2 .96** .00489 9 .76 
Dams/sires 30 .04216 < 1 -.00288 0 .00 
1-x vs. all/dams 42 .05117 1.33 .00684 13 .63 
Hens/l-x vs. all 92 .03844 .03844 76 .61 
Total 175 .05018 100 .00 
Pooled 
Years 2 - .35011 3 .22 .00113 2 .64 
Sires/years 26 .10863 1 .96** .00248 5 .81 
Dams/sires 96 .05537 1 .37 .00307 7 .17 
1-x vs. all/dams 116 .04014 1 . 2 2  .00332 7 .75 
Hens/l-x vs. all 352 .03283 .03283 76 .62 
Total 592 .04284 100 
o
 
o
 
**P<.01. 
*P<.05. 
